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SUMMARY

This report presents the results of a study to select and electrically charac-
terize semiconductor memories that are compatible with microprocessors and
are suitable for military applications. An assessment of factors that effect the
reliability of memories was made, and drafts of MIL-M-38510 detail specifica-
tions (slash sheets) for specific devices were generated.

To meet the project goals the following objectives were defined: (1) develop
and refine a test philosophy for complex microprocessor oriented memories
that can be used for preparing MIL-M-38510 detail specifications, (2) establish
the type and sequence of electrical tests to be performed on each of the different
types of memories, (3) perform electrical characterization, DC, AC and func-
tional testing to assure reliable performance over the military temperature
ranges, (4) generate drafts of MIL-M-38510 detail specifications. "and-any'
special test methods that should be included in MIL-STD-883.

The selection of memories for this program was based on mutual agreement
between RADC and Hughes Aircraft Company. The selection process included
contacts with the suppliers to determine the availability of the parts, and the
supplier's willingness to submit his product for military qualification. The
process yielded the following types of memories for evaluation; (1) static RAMs
both bipolar and MOS, (2) fusible PROMs (Programmable ROMs), (3) UV/EPROM
(Ultra Violet/Erasible PROM), (4) EAROMs (Electrically Alterable ROMs), (5)
FPLAs (Field Programmable Logic Arrays), and (6) PALs (Programmable
Array Logic).

The general selection methodology employed for this program started with a
tentative list of desirable memories mutually agreed upon by RADC and Hughes.
Contact was then made with the supplier. The availability and temperature
range capability of the parts were determined, as well as the willingness of the
supplier to support their parts in a military program. The vendor's part speci-
fication was reviewed, and since most of the parts were state-of-the-art devices,
the available technical literature describing the class of memory under investi-
gation was studied. Any existing military specifications that were similar to the
selected part were used as a general guideline for tests and for writing new
specifications. The actual tests, selection of test patterns, and electrical
characterization of the memories were dependent upon the type of memory. Test
patterns used for the RAMs were quite extensive, since both writing and reading
were under direct high speed computer control. Programmed ROMs, PROMs,
UV/EPROMs had restricted writing characteristics, and therefore the tests
were limited to read only. The EAROMs were similar to the RAMs, and required
complex testing and an extensive detail specification.

i.1
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All of the memories with written specifications were divided into three
distinct groups: Group I - static RAMs; Group II- ROM, Fused PROM, PAL,
FPLA, and Group IlI- UV/EPROM, EAROM. Group I, static RAMs were
volatile and were sufficiently different from the other devices to be studied
separately. The Group II memories were all non-volatile memories, once they
were fuse programmed. The Group III memories were semi-volatile and stored
their contents as an electrical charge in the gate region of the memory cell FET.

All of the tests were performed on the Fairchild Sentry 610, an automatic
computer controlled tester, which provided extensive electrical characterization
data, such as Schmoo plots. The appendix in this report shows typical DC, AC,
functional test results and Schmoo plots of the electrical characterization of
most of the memory parameters of the static RAM device 2148.

Most of the programming of memories, when required, was accomplished
on commercial equipment recommended by the manufacturers. UV (Ultra Violet)
erasing for UV EPROMs was accomplished on in-house equipment including the
programming. The MNOS device was programmed, erased and read on the
Sentry tester.

Ten detail specifications for MIL-M-38510 were written. A complete list of
the 26 parts tested including the ten specifications are listed in Table 3-1 of this
report. It should be noted that the 26 parts tested included alternate sources of
the same part and different dash number versions. In addition, some parts did
not meet specification requirements, and hence were eliminated. Other parts
with existing specifications such as the 93470 (MIL-M-38510/233) and M3636
(MIL-M-38510/210) were evaluated for specific test conditions only as requested
by RADC.

The following is a summary of evaluation results by groups. Group I static
R.AMs were in general quite satisfactory. The 2148 and 2147H parts appear to
be marginal for VmH inputs,and may suffer yield problems. The Group II devices,
the M3636 fused PROM cannot meet k 10% Vcc at -550C. The new PAL devices
suffer low programming yields at the present time, otherwise the electrical test
results are satisfactory. Both sources for the FPLA devices are satisfactory,
and can meet the new specification.

In the Group III devices, the UV/EPROM 2716 from both sources are satis-
factory. The MM2716 can easily meet the electrical requirements at 125 °C, but
its extended memory retension capability is unknown. The M2716 from vendor
E is limited to 100 °C. The TMS2532, a 32K UV/EPROM, is electrically good
to +125 °C, however its memory retention capability is unknown. The EAROMs
from both suppliers were satisfactory.

It appears that some form of standardization is needed to define input/output
levels for MOS microprocessor memories. In particular, standardization is
needed if MOS microprocessor memories are to be compatible only with other
MOS devices or TTL circuits, or both. The memory suppliers are generally
inconsistent in their VIHI and VIt requirements. Some memories will accept
standard TTL output devices, but others will not, and the VIH levels can only
be met by adding pull up resistors to the inputs.

2



PREFACE

The test and evaluation program described in this report was
performed by the Components Department of the Ground Systems
Group of the Hughes Aircraft Company, Fullerton during the
period between June 1978 and September 1980. The work was
performed for the USAF Rome Air Development Center under
contract number F30602-78-C-0221. Mr. Allen P. Converse of
the RADC Reliability Assurance Section provided the technical
direction.

Special acknowledgement is made to the following personnel
from the Sentry Engineering Group who wrote all the ATE test
software and performed all of the electrical measurements:
Mark I. Growe, Howard A. Baumer, Gordon P. Chin, and
Dan B. Buker. The Document Services Group prepared all the
MIL-M-38510 detail specifications in particular Lillian Y.
Arakaki who performed and coordinated most of this effort.
Mr. Jim E. Thomas was the Program Manager and Ted Y.
Fujimoto was the Technical Director.

3 (4 BLANK)



CONTENTS

SECTION 1 - INTRODUCTION

1.1 Purpose of Program ....................................... 7
1.2 Background ............................................. 7
1.3 Primary Tasks .......................................... 7
1.4 Scope of Program ........................................ 8

SECTION 2 - MEMORY TESTING AND CHARACTERIZATION

2.1 Group I Static RAMs ....................................... 12
2.2 Group II ROM ........................................... 20
2.3 Group I Fused PROM ...................................... 25
2.4 Group i1 PALs ........................................... 26
2.5 Group II FPLA .......................................... 29
2.6 Group III UV/EPROM ..................................... 32
2.7 Group III EAROM ........................................ 33

SECTION 3- MIL-M-38510 DETAIL SPECIFICATIONS

SECTION 4- CONCLUSIONS AND RECOMMENDATIONS

APPENDIX A - SELECTED SENTRY ATE TEST PRINTOUTS

LIST OF ILLUSTRATIONS

Figure Page

2-1 Basic Static RAM Cells ........................................ 13
2-2 Address Access Time vs Temperature .......................... 16
2-3 AC Pulse Input vs Temperature ............................... 17
2-4 2148 AC Pulse Input vs Temperature ............................ 18
2-5 Device 93471 Vcc vs Data Input High at 25 0 C ...................... 21
2-6 Device 93471 Vcc vs Data Output High at 25 0 C ..................... 22
2-7 Device 93471 Vcc vs Data Input High at -55 0 C ..................... 23
2-8 Device 93471 Vcc vs Data Output High at -55 0 C .................... 24
2-9 Basic Cell Structure of PAL and Array Cells .................... 27
2-10 VOL vs Propagation Delay of PAL 16H2 S. N.7 at 25 0 C ................... 30
2-11 FPLA Programming Waveforms ............................... 31
2-12 Tri-Gate MNOS Transistor ................................ 34
2-13 MNOS Tri-Gate Structure ................................ 34
2-14 MNOS Memory Read Diagram ................................ 35
A-1 Basic Shmoo Plot Timing Waveform for 2148 ..................... 44
A-2 Functional and AC Parameter Tests at -55 0 C ..................... 45
A-3 Functional and AC Tests at +125 0 C ............................. 45
A-4 Sentry Shmoo Plot of Device 2148 - Output Low vs Time at -55 0 C........... 46
A-5 Sentry Shmoo Plot of Device 2148 - Output Low vs Time at +125 0 C ......... 47
A-6 Sentry Shmoo Plot of Device 2148 - Output High vs Time at -55 0 C ....... 48
A-7 Sentry Shmoo Plot of Device 2148 - Output High vs Time at +125 0 C.......... 49
A-8 Sentry Shmoo Plot of Device 2148 - CE Delay vs Read at -55 0 C ......... 50
A-9 Sentry Shmoo Plot of Device 2148 - CE Delay vs Read at +125 0 C .......... 51
A-10 Sentry Shmoo Plot of Device 2148 - CE Width vs Read at -55 0 C ......... 52
A-11 Sentry Shmoo Plot of Device 2148 - CE Width vs Read at +125°C.......... 53

5



LIST OF ILLUSTRATIONS (Continued)

Figure Page

A-12 Sentry Shmoo Plot of Device 2148 - Address Delay vs Read at -55 0 C ........ 54
A-13 Sentry Shmoo Plot of Device 2148 - Address Delay vs Read at +1250C ....... 55
A-14 Sentry Shmoo Plot of Device 2148 - Address Delay vs Read at -550C ....... 56
A-15 Sentry Shmoo Plot of Device 2148 - Address Delay vs Read at +125 0 C ....... 57
A-16 Sentry Shmoo Plot of Device 2148 - WE Delay vs Read at -55oC ............ 58
A-17 Sentry Shmoo Plot of Device 2148 - WE Delay vs Read at +1250C ........... 59
A-18 Sentry Shmoo Plot of Device 2148 - WE Width vs Read at -55 0 C ............ 60
A-19 Sentry Shmoo Plot of Device 2148 - WE Width vs Read at +125 0 C ............ 61
A-20 Sentry Shmoo Plot of Device 2148 - Delay vs Read at -55 0 C ................ 62
A-21 Sentry Shmoo Plot of Device 2148 - Delay vs Read at +1250C ............... 63
A-22 Sentry Shmoo Plot of Device 2148 - Width vs Read at -55 0 C ............... 64
A-23 Sentry Shmoo Plot of Device 2148 - Width vs Read at +125 0C................ 65
A-24 Sentry Shmoo Plot of Device 2148 - Vc vs Address Low at -55 0 C .......... 66
A-25 Sentry Shmoo Plot of Device 2148 - Vcc vs Address Low at +125 0 C .......... 67
A-26 Sentry Shmoo Plot of Device 2148 - Vec vs Address High at -55 0 C .......... 68
A-27 Sentry Shmoo Plot of Device 2148 - Vcc vs Address High at +125 0 C ......... 69
A-28 Sentry Shmoo Plot of Device 2148 - Vcc vs Data In Low at -55 0 C ........... 70
A-29 Sentry Shmoo Plot of Device 2148 - Vcc vs Data In Low at +125 0 C .......... 71
A-30 Sentry Shmoo Plot of Device 2148 - Vc vs Data In High at -55 0 C ........... 72
A-31 Sentry Shmoo Plot of Device 2148 - Vcc vs Data In High at +125 0 C ......... 73
A-32 Sentry Shmoo Plot of Device 2148 - Vcc vs WE High at -550C .............. 74
A-33 Sentry Shmoo Plot of Device 2148 - Vcc vs WE High at +125°C ............. 75
A-34 Sentry Shmo Plot of Device 2148 - Vc vs Output High at -55 0 C ............ 76
A-35 Sentry Shmoo Plot of Device 2148 - Vcc vs Output High at +125 0 C .......... 77
A-36 Sentry Test Results of Device 2148 - DC Parameter Test at -550C ......... 78
A-37 Sentry Test Results of Device 2148 - DC Parameter Tests at +1250 C ....... 79

LIST OF TABLES

Table Page

2-1 Specification Difference in Certain Electrical Characteristics ............. 19
2-2 Part Programming Data ............................................... 28
3-1 Listing of Semiconductor Memories Characterized ....................... 38

4..

W6

4 'I



Section 1

INTRODUCTION

1.1 Purpose of Program

This report presents the results of electrically testing and characterizing a
number of selected, state-of-the-art, microprocessor oriented memories for
military applications. The information acquired was utilized to write drafts of
MIL-.M-38510 detail specifications. Included in this list of memory types were
static RAMs, both bipolar and MOS, Fusible PROMs, UV Erasable PROMs,
Electrically Alterable ROMs (EAROMs), Field Programmable Logic Arrays
(FPLAs), and Programmable Array Logic (PAL).

The objectives of this effort were to:

9 Develop and refine a test philosophy for memories that can be
used for preparing MIL-M-38510 specifications.

* Establish the type and sequence of electrical tests to be
performed on the selected memories.

" Electrically characterize, DC, AC, and functional tests for
memories to assure reliable performance over military
temperature ranges.

o Generate MIL-M-38510 detail specifications and any special

electrical test methods for inclusion in MIL-STD-883.

1.2 Background

Complex memory devices such as the 4044 (4KX1) static RAM and the 6831,
a 4096 bit ROM are presently being used in military, microprocessor-based
systems. Other memory devices, such as the 2716, (2048 by 8 bit), ultraviolet
erasable PROM, are scheduled to be used in military applications. As these
more complex devices are used in increasing numbers, the need for reliability
assurance through proper teFt methods and electrical characterization has become
essential.

1.3 Primary Tasks

The primary tasks of this program were to determine those semiconductor
memories that are being used in on-going military projects, including those
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being used in developmental and production programs, and those being designed
into new systems; to determine the willingness of the suppliers to support their
product in military programs, to obtain samples, test and characterize the
devices, and finally, to write the drafts of MIL-M-38510 slash sheets for those
devices determined to be acceptable. In addition, if any special test procedures
were generated that could be incorporated in MIL-STD-883, they would also be
submitted.

1.4 Scope of Program

Early in the program, Rome Air Development Center (RADC) indicated that
dynamic random access memories (RAMs), need not be included in the tests
since these types of parts were being evaluated on another RADC program. The
initial parts selected by RADC and Hughes Aircraft Company included 8 types
of parts from 5 different suppliers. These parts are listed below.

Device Supplier Description

2114 E lKx4 Static MOS RAM

2147 E 4Kxl Static MOS RAM

2716 E 2Kx8 UV/PROM (550 to +1000 C)

4044 N 4Kxl Static MOS RAM

40L45 N lKx4 Static MOS RAM

82050 A 16x48x8 FPLA, T.S., Bipolar

82S101 M 16x48x8 FPLA, 0. C., Bipolar

93459 C 16x48x8 FPLA, T.S., Bipolar

93458 C 16x48x8 FPLA, 0. C., Bipolar

The vendor code for the suppliers is included in Section 3. 0 of this report.

The parts selection process included availability, military contractor usage,
and whether full military temperature requirements were met. They had to be
hermetically sealed, and "burn-in" was not required. In addition, the test pro-
gram did not require qualification testing or formal failure analysis procedures.
The primary requisites were to fully evaluate the selected devices and to deter-
mine if the devices could undergo a rigorous electrical characterization program
using an automatic computer controlled tester.

During the next 10 months, six additional devices were added:

Device Supplier Description

9114 A Equiv. to 2114

93470/93471 C Bipolar 4Kxl RAM

5114 L 1Kx4 CMOS/SOS RAM

8



Device Supplier Description

281- D 2Kx4 EAROM, PMOS

7810 K 2Kx4 EAROM, PMOS

4104 G 4Kxl Quasi Static MOS RAM

Subsequently, twenty five (25) new part numbers consisting of 13 part
categories were introduced as new potential candidates for evaluation. Later
the list was reduced to the following sixteen items.

Device Supplier Description

2532 N 4Kx8 UV Erasable PROMs
(00 to 700C)

2716 J 2Kx8 UV Erasable PROMs
(-550 to +125 0 C)

6654 F 512x8 CMOS UV Erasable PROMs

3636 E 2Kx8 Fused PROM, Bipolar

6831B B 2Kx8 ROM, MOS

6810 B 128x8 Static RAM, MOS

2147H E 4Kxl Static RAM, MOS

2148 E 1Kx4 Static RAM, MOS

27SO7A (29701) A 16x4 Static RAM, Bipolar

27SO7 A 16x4 Static RAM, Bipolar

27SO3A A 16x4 Static RAM, Bipolar

27SO3 A 16x4 Static RAM, Bipolar

10H8 A PAL, Bipolar

12H6 I PAL, Bipolar

14H4 I PAL, Bipolar

16112 I PAL, Bipolar

9 (10 BLANK)



Section 2

MEMORY TESTIN~G AN]) CHARACTERIZATION

In general, a test philosophy was established to aid in drafting the detail
slash sheet of the general MIL-M-38510, microcircuit specification. The start-
ig point was generally the vendor's specification for the memory device. The

vendor's specification were anything from one page to several pages, and the
quality of the specification ranged from inadequate to satisfactory. The manu-
facturer usually had to be contacted regarding their willingness to qualify their
device as a military product, and to cooperate in producing additional device
information.

Another general guideline was the utilization of existing military specifica-
tions that are similar to the product being evaluated. This was particularly
helpful in trying to standardize the tests as much as possible, as well as estab-
lishing the specification format.

DC and AC (switching) parameter testing is a mature and well understood
4> procedure, and is easily handled by most general purpose comnputer controlled

testers available on the market. It was in the area of functional testing and test
pattern sensitivity that proved most troublesome, and required the greatest
device analysis leading to establishment of the appropriate test specifications.

Those devices that did not have parameters defined at military temperature
limits were tested over the military temperature extremes, unless the vendor
indicates that the product was not designed for the wide temperature operation.
Using statistical analysis and Schmoo plots, new functional limits were assigned
at the military temperature extremes.

-. The majority of the parts were tested on the Fairchild Sentry 610 tester.
The only exception was the 2716 UV/PROM which was tested and characterized
using the Tektronix S-3260. Since the Te~ktronix S-3260 was previoursly used for
characterizing the 8K UV/E PROM 2708, the test program was easily modified

110 to run the 16K UV/EPROM. Memory programmi-,ig and erasing characteristics
were accomplished at the Fullerton facility

The basic Sentry test program included functional tests and characterization
plots, AC parametric measurements, and DC parametric measurements.
Memory pattern sensitivity tests were accomplished under functional tests.

1,41



The memories selected for this program can be separated into three dis-
tinct groups based upon the internal memory cell structure and principle of
operation, for example, Group I consisted of Static RAMs while Group II con-
sisted of ROMs, Fused PROMs, PALs, FPLAs, and Group III was composed of
UV/EPROMs, and EAROMs.

Group I static RAMs are sufficiently different in memory structure and tim-
ing requirements to dictate their grouping separately from the other memory
devices. The cells can be easily written into by electrical signals in situ, as
well as being easily read. This tNpe of memory is volatile.

Group I memories differ from others in that the memory cell structure is
dependent on an interconnecting link or lack of it, as determined by the cus-
tomer's special progTamming techniques. The programming is accomplished
at the factory with a final process mask for ROMs. While with PROMs, the
customers utilizing special device programmers blow open internal fuses. This
type of memory is nonvolatile and nonreprogrammable.

Group M memories depend upon storing memory programs within the de-
vice gate areas by electrical charge methods. The charges are stored in a semi-
permanent state in a nonvolatile manner. Erasure is by ultraviolet light or elec-
trical means.

2. 1 Group I Static RAMs

Static Random Access Memories (RAM) are defined as high speed memories
that rely on the Flip-Flop (FF) configuration as the basic memory cell. The
cross coupled flip-flop keeps the cell in a relatively stable state due to it's in-
ternal latching feedback network. The stability of the latching flip-flop cell de-
pends upon ratio of current flow in the on-transistor versus the leakage cur-
rent of the off-transistor. A conservative cell design means higher on-current
flow, but a resulting higher power dissipation in the basic cell. Current de-
signers and some of the new low-power cell designs, using giga ohm polysilicon
load resistors, have reduced the current flow to less than 1 nano ampere.
Since the on transistor current flow may now be approaching the leakage cur-

" rent of the off-transistor at high temperature, the stability of the latching net-
w ork can become marginal and is in danger of being easily upset by noise or
abnormal leakage at the off-transistor node. Because of the low current flow,
static memories are becoming susceptible to alpha particle soft failures. The
static RAM's evaluated in this program (except for the 4104) have relatively
conservative FF cell designs using transistor currents in the range of 1 micro-
ampere. Since the true or false state of the FF is the basic memory cell infor-
mation, the FF will always be in a stable state, except during the transition
time. This is illustrated in Figure 2-1 for the schematics of a FF memory cell.

The advantages of using static RAMs are high speed, simple interface
circuitry, lower susceptibility to glitch problems, absence of pattern sensitivity
problems, reduced support circuitry, relatively little electrical disturbances,
and no requirements for refresh circuitry.

The main disadvantages of the RAMs are: they require larger die comnpared
to dynamic memories of equal bit capacity, require more power than dynamic
memories, and are more expensive per bit then dynamic RAM's. The main

12



DEPLETION

FF FF

FF FF

ENHANCEMENT

(A) BIPOLAR FF CELL WITH RESISTOR (B) MOS FF CELL WITH DEPLETION MODE
PULL UP LOADS FET PULL UP LOADS

Figure 2-1. Basic Static RAM Cells. The FF is always in a stable state except during transition
time.

reason that static RAMs are larger and require more power than dynamic RAMs
is because the design structure of the static circuits requires more transistors
per bit when compared to dynamic circuits. Historically, dynamic circuits
evolved because static circuits required too much power and used too many
transistors. Smaller, lower power memories were needed so dynamic circuits
and dynamic memory cells became the answers. A static-memory cell flip-flop
requires at least four transistors or two transistors and two resistors. In addi-
tion, one of the transistors is always conducting current. A dynamic memory
cell requires only one transistor and one capacitor, and draws current only to
charge and discharge capacitances during the clock transition time. Thus, both
power and chip size is reduced for dynamic RAMs over equivalent bit memory
size static RAMs. Smaller chip size semiconductor devices are generally lower
in cost due to the greter number of chips that can be placed on any given
silicon wafer.

The test philosophy adopted for all memories included initially testing the de-
vice to all vendor specifications, as well as standard military requirements. In
addition, since the device pattern sensitivities were usually unknown and device
topology was not always available, basic test patterns already available from
the Sentry hardware pattern generator were utilized. The same approach was
taken in memory characterization to do Schmoo plotting. Critical device para-
meter safety margins were investigated as thoroughly as possible, resulting in
some plots that have redundant information.

Functional Tests. Initial functional tests were performed on RAMs to
determine that the device was in good working order prior to spending further
characterization test operations on the device.

.4
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With all limits and conditions as specified in the manufacturer's data sheets, the
device was tested under minimum, nominal, and maximum voltage conditions.
The functional tests checked memory pattern sensitivities, cell integrity,
address decoding, sense amplifier capabilities, write amplifier characteristics,
etc, as completely as possible. Depending upon the type of memory, RAM, ROM,
EPROM, EAROM, FPLA, etc, the order of performing the major characteriza-
tion tasks is quite different, unlike the RAMs, writing and reading for the
PROM's cannot be done simultaneously. RAMs are normally alterable during
operation, but PROMs can be both programmed in the field or factory, tempo-
rarily or permanently, electrically or mask programmed. Thus, each of these
different applications determines the order and method in which the major tests
are performed.

The test patterns selected concentrated upon checking total memory cell
integrity, address decoding, sense aumplifier capabilities, write recovery capa-
bilities, and simple intercell noise sensitivity tests. The initial functional test
patterns selected for static RAM's were: all "ones" and all "zeros" patterns for
determining cell integrity, checkerboard pattern and its complement to test
intercell reactions, check for shorts, diagonal patterns to check slow sense
amplifier recovery and address decoding, and march pattern and its comple-
ment to check the functionalism of the cells and sense ami-lifier recovery. N2

and N3/2 patterns such as Galpat, Ping Pong, Walking 1/0, GCalTec, etc, are
not normally required. However, during initial qualification of a device for
MIL-M-88510 requirements or for periodic checking, these test patterns would
be utilized. Therefore, all static RAMs were tested using Galpat (N2 ) to check
worst case access times, and the diagonal GALWREC (N3/2) to check for write
recovery characteristics.

DC and AC Parametric Tests. All DC and AC parametric tests were per-
formed using the vendor parameter specifications to normal military temperature
limits of -55 C to +125 °C. If specification limits were not defined at military
temperature, then tests were run to the military temperature extremes and
parameter values were determined. If the vendor indicated that the devices
should not be utilized beyond their stated temperature ranges, these requests
were taken into consideration. Although the samples were small, sufficient in-
formation was obtained to establish reasonable test limits. AC parametric tests
such as switching parameters or propagation delays were usually checked using
functional test conditions. Write parameters were also checked during functional
test conditions because of the test time efficiency achieved. The comparators of
the tester were adjusted to the level defined by the customer or the normal
military requirements for all switching tests. For functional tests, the sampling
comparators were usually set at the device threshold or mid-points of the input/
output voltage swing.

Characterization Tests. These tests were conducted to determine the criti-
cal parameters of the devices supplied by a vendor or vendors. The devices were
forced to operate over a much wider range of conditions, and the go/no-go re-
sults at each set of conditions were plotted or tabulated for quick visual exam-
inations in graphic "SCHMOO" plots displays showing the margins of safe opera-
tion. In most cases, all conditions were held constant except for two parameters
which were varied on the x-y graphic display table showing pass areas as "x"
and fail areas as ". ". Sample schmoo plots are shown in the appendix for the
2148, 4K static RAMs. For these Schmoo plots, the sampling strobes were
kept as narrow as practical, approximately 20 nanoseconds wide.
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2.1.1 RAM Test Results Static

2147, 2114. The initial tests of vendor E's 2114 and 2147 devices indicated
that the devices passed all functional, DC and AC parameter requirements. The
characterization tests indicated that the measured parameters have adequate
margins of safety. Some problems did occur in the order of measurements on
the Sentry tester. During the -55 °C tests, a polyurethane foam is used as an
insulator and sealer for the thermostream test cavity. During the tests, the
foam gradually hardened and pushed against the load jumper wires on the (per-
formance) board eventually breaking some wires, and electrically damaging
some of the parts. In addition, the -55 'C test caused considerable condensation
problems. Even though dry nitrogen is used for the -55°C test, care had to be
taken to prevent moisture condensation from obscuring low level current leakage
tests. As a result, this test was reprogrammed to be performed last.

The 2147 is the first of the NMOS static RAM that uses a device scaling proc-
essl to achieve very small physical dimensions. The memory is arranged in a
4096 by 1 bit array. It uses FET device technology based on 6 micron gate
length, 1200 A gate thickness and 2 micron diffusion depth. It also uses depletion
mode FETs as the static cell flip-flop loads, and has its own internal substrate
voltage bias generator.

2147H-1, 2147H-2, 2148. Shortly after the 2147 devices were tested, the
2147H and the 2148 were introduced, and made available by vendor E. The sup-
plier also indicated that the 2114 and 2147 will no longer be made since the new
devices will replace them. These new devices are scaled down devices of the
2147, promoting smaller FET's resulting in higher speeds. The gate length§
were reduced to 3.5 microns, and the gate oxides thicknesses to under 700 A.
To maintain device reliability and yield, neither of the basic circuit technology
or device design was changed. Only the device dimensions were scaled down
according to specific design rules.

t When evaluated to the vendor specifications, in particular if an input pulse
of 0 to 3.0 Volts was specified and the temperature range limited to 0 to 70 0C,
the parts met their own specifications. However, the validity of using such a
high input pulse for generating device switching parameter characteristics is

1Aopen to question, since TTL outputs (which might be used as a drive source)
are generally specified at 0. 8V to 2.4 Volts when fully loaded. If TTL outputs
drive only MOS inputs, then VOH of 3. 0 Volts can be easily generated by TTL
outputs.

The 2147H-1 and 2147H-2, and the 2148 electrical characteristics were
checked over the military temperature range of -55 °C to +125°C. Figure 2-2,
show the average address access time measurements of the 2147H and the 2148,
respectively. When the vendor's recommended input pulse was utilized, access
times for the 214711-1 and 21471-2 were satisfactory as shown In Figure 2-2.
When VI was reduced towards 2. 0 Volts, the chip select access times became
marginal. Figures 2-3 and 2-4 show the input pulse characteristics of the two

1 Dennard, R. H., et al, "Design of Ion-Implanted MOSFET's With Very Small
Physical Dimensions," IEEE S. F. Solid State Circuits, p 31-37, Oct 1974.
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Figure 2-4. 2148 AC Pulse Input vs Temperature. The vendor has discontinued

device 2114, and they will be replaced by this device.

types of devices and verify the AC ViH requirements at -55' C. The detail spec-
ification for MIL-M-38510 requires that for the functional tests, all inputs must
be set to VIm of 2. 0 Volts. Vendor E has indicated that yields on the 2147H-1 and
2147H-2 are very poor, and therefore will not be available. In addition, the
2148H is now available, although it was not indicated if the 2148 will be replaced
immediately with the H version or if the 2148 will be maintained in production.

Due to the marginal capabilities at the lower input pulses, and the small
sample size of the test, it was decided to increase access time limits. At
+125 C, the access times for 2147H-1 and 2147H-2 were increased 5 nanosec-
onds each to 40 and 50 nanoseconds, respectively. For the 2148, the access
times were increased to 90 nanoseconds to allow operation at +125 C tempera-
ture. The 3 sigma limits shown in the graphs are shown only for relative infor-
mation since the distribution is based on a small sample (15) and usually only
from one lot.

9114. Vendor A version of the 2114 was evaluated through all electrical
characterization, DC and AC tests, and functional tests similar to the 2147 and
2148. This device met all electrical requirements according to the test analysis.
Two minor differences were noted in the detail specifications of the 9114 versus
the 2114. The 9114 has output leakage I zthat exceeds the 2114 specification
limit. The output short circuit current (lOS) limit is less than the 2114 specifi-
cation limits. A review of the electrical characterization data indicated that
10 is not a problem, and the 9114 can easily meet the 2114 specification limit
witA plenty of safety margin. The 9114 output short circuit current, worst case
measurement data was 30 mA maximum compared to the 2114 limit of 40 mA,

pso therefore, this parameter normally is not a problem either.

4044, 40LA5. Initial testing of the NMOS 4044, (4Kxl) and 40LA5 (1Kx4)
devices indicated that it could not meet certain of the vendor's own parameter
limits. In particular, these devices could not meet the VOH at 1 mA require-
ment. In addition, vendor support was not encouraging; therefore, all testing of
these devices was curtailed until the vendor could supply improved parts.
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6810. These static memories (128x8) belong to the 6800 microprocessor
family. Two suppliers parts were evaluated, vendors B and H. Both vendors
parts met all requirements at the military temperature range of -55oC to
+125 0 C except for small differences in noncritical parameters as shown in
Table 2-1. When two or more vendors supplied devices to meet the requirements
for one particular memory part type, the first step was to compare their respective
device specifications and note any differences. Both devices were then electri-
cally measured and characterized at all three military temperatures. The meas-
ured data was reviewed and compared against their own specifications as well as
the other specification limits. The final parameter limits chosen for the draft of
a military specification were based on the results of a review of the measured
parameters, of each device, the vendors specification limits, and a reasonable
certainty that the vendors can or cannot meet the specification limits. The final
specification limit must be a reasonable value depending upon the parameter
being measured. The discrepancies noted on each vendor's device specifications
are listed in Table 2-1. For each of the parameters listed in the table, the final

TABLE 2-1 SPECIFICATION DIFFERENCES IN CERTAIN

ELECTRICAL CHARACTERISTICS

Vendor

Characteristic Symbol B H Units

Max Iput Current (An, R/W, I. 10 2.5 uA
CSn, CSn) Xin - 0 to 5.5V in

Max Supply Current (25 C) ICC 70 100 mA

Output Capacitance (25u C) Cout 10 12.5 pF

Max Enable Access Time t 200 230 nSecac s

values for the specification were chosen based on the result of carefully review-
ing all measured data and selecting limits that would accommodate both suppliers.
All functional and switching requirements met the worst case conditions, VIH
at 2.0 Volts, and VIL at 0.8 Volts.

27S07A (29701), 27S07, 27S03A, 27S03. These high speed memories utilize
both Schottky diode clamped and emitter coupled logic circuits. The memory is
organized as a fully decoded 16 word by 4 bit per word static RAM. The 27S07A
is a noninverting tri-state output, while the 27S03A is an inverting tri-state out-
put RAM. The other two devices are slightly slower versions of the first two.
All DC and AC tests were satisfactory. There were no particular sensitivities
to test patterns noted during functional tests. The address access times at
+125 *C temperature did not have sufficient margins, therefore, the limit was
increased 5 ns to 30 ns.

Input pulse requirements for VII, typically measured 2.2 and 2.4 volts at
-55 0 C for the 27S07A and 27S03A respectively. The sample size was small, 11
each, and fron a single lot, therefore, these measurements may not represent
the normal population. However, if these samples represent the true production
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runs, then a serious yield problem would exist for the manufacturer at a VIH
minimum of 2. 0 volts. All DC and AC tests were satisfactory. In the functional
tests, the worst VIH was 2.4 Volts at -550 C. This may lead to a yield problem
if production parts cannot meet an AC input pulse of 2. 0 Volts.

4104. Tests of these quasi-static devices were satisfactory. It should be
noted that although the memory is made of true flip-flop static cells, the sup-
porting peripherial circuits are dynamic. The chip select input is a clock, and
occurs in a periodic manner to keep the internal circuits operational, including
the data output. The output will not hold its VOH level indefinitely, hence requir-

ing the chip select signal to be cycled periodically.

93470, 93471. These high speed TTL bipolar static memories are organized
4096x1. The two devices are identical except for the one bit output stage. The
93470 is open collector while the 93471 has a tn-state output. The devices have
full decoding on chip, with separate data input and data output lines.

These bipolar 4Kxl static RAM's were tested primarily to determine if a
cold start problem exists at low temperatures. The necessary Sentry DC, AC
parametric and functional test programs were created and a sample of eleven
93471 devices were fully characterized at 250C, +125"C and -55 0 C using standard
test procedures. At 25 *C and +125 0C temperature levels all devices met speci-
fication requirements. At -55 0C none of the devices would meet the functional
tests or the VOH requirements.

A second test was performed using a different test procedure in which the
power was kept on the devices in the stand by mode and after waiting for 1. 5
minutes, the temperature was reduced to -30 0 C. A complete set of measure-
ments was taken. All parts met the specification requirements for DC and AC
parameters and functional tests. The temperature was again reduced to -55 OC,
and the power to the device was left connected. After a 30 second wait period
the devices were tested again. All of the parts failed functional tests again, in
particular, at Vcc of 4.5 Volts.

Figures 2-5 through 2-8 show that at -55 0 C, the data input is unable to be
written into or read out of the memory when Vec supply voltage goes below +5. 0
Volts.

2.2 Group IITROM

T1he Read Only Memory (ROM) is one of the simplest of semni-conductor
memories in terms of memory cell structure. The ROM is mask programmed to
customer requirements at the factory. The memory cell consists of one tran-
sistor per cell, and the coding consists of disconnecting or leaving the cell
transistor connected to the appropriate address lines.

Due to the relative simplicity of the memory cell and the fact that the cell
becomes active when aiddressed, the ROM is a highly stable memory device and
relatively insensitive to most capacitivity coupled noise disturbances. The pri-
mary objective of functional test patterns for the cell area was to check the
cells for integrity, opens, adjacent cell shorts, and speed. in addition to the
cell area, standard test patterns were run to check address decoding, sense amp-
lifier recovery, input-output operation and other special circuits. A GALPAT
type, read-only test pattern was used to check all of the foregoing test require-
ments for devices already programmed to a known code.
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S6831B. The S6831B from vendor B is an alternate source for the 68316B
ROM which is part of the 6800 microprocessor family. The 68316B from vend1or
H was not evaluated since the parts were not available at the time. The S6831B
is a 2048x8 bit, static NMOS ROM that is mask programmable, andi is pin com-
patible with the 2708 and 2716 EPROM's. The parts were programmed to a
standard pattern used by the manufacturer for evaluation samples.

The device met all device parameter limits at the military temperature
ranges. It should be noted that the DC VmH is 2. 0 Volts but the AC tests were
specified with an input pulse of 2.4 Volts to 0. 8 Volts. Electrical characteriza-
tion of vendor B devices indicate that it can easily meet input pulse require-
ments of 2.0 and 0. 8 volts for VIH and VIL, respectively.

2.3 Group 11 Fused PROM

The fuse Programmable Read Only Memory (PROM) is probably the
simplest memory in its cell structure, compared to the mask programmed
ROM. Each memory cell is again a simple transistor that is connected through
a fuse to power or ground. The fuses are generally michrome, titanium-
tungsten, or polysilicon that can be blown open by an electrical power surge.
Since the programming of the fuses can be done through the device package
leads, the customer can easily choose his own program pattern using appropri-
ate commercially available programming equipment. Most of the better pro-
gramming equipments are capable of producing fuse programming yields of
around 90%,j or better.

In order to check the fuse blowing characteristics of the devices at the fac-
tory, the PROM designers have resorted to establishing test fuses laid out in-
ternally within the memory cell area. The test fuses are usually laid out as an
extra column and as an extra bit in each row. These test fuses are accessible
from the outside package leads and the fuses are blown to see if the device is
acceptable. A good test fuse blowing capability should assure the manufacturer
and the eustorner that over 9W'; yield of good devices can be expected when the
customer programs his PROM's.

* The special leads used for electrically programming the PROMs are usually
a dual-state device input. It is a normally functioning input or output pin when
standard voltages are used, but for special test fuse programming, the input is
stepped up to a higher voltage. Internal zener diodes bypass the normal circuits
to activate the proper address decoding, and select the test fuses to be blown
open.

Most memory devices that require fuse programming have stringent pro-
gram pulse requirements. In addition, the electrical program pulse require-
ments are different for each vendor's device. The leading edge of the current

* pulse, amplitude, pulse width, number of pulse cycles are precisely defined
in order to produce good, reliable opens in the fuses. Since the Sentry ATE is
not designed to create or handle these unusual programming pulses, no attempt
was made to use the Sentry for programming any of the devices. Commercial
PROM programming equipment, or the suppliers factory programmer, was
used to assure reasonable yields from the samples available for testing.
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The quality of the programming performed by the commercial programming
equipment will be reflected in the electrical test results performed by the user.
It is important that a comprehensive electrical test at temperature extremes be
performed to validate the programming operation. Outside of rigorous electrical
tests. no attempts were made to evaluate the reliability consideration of the
programming function by various programming equipment.

Prior to programming PROM's, all memory cells are checked to see if all
the fuses are intact bv' addressing each cell while monitoring the outputs. All
outputs for unprogrammed devices shall be either in the high state or low state
depending upon the polarity chosen b" the supplier. Any output that is not in the
correct state at anvaddress, most likely indicates an open fuse and is
rejectable.

M3636. Vendor E's PROM M3636 is a polysilicon fused 2048x8 bit bipolar
device that is supposed to be a military application device. Unfortunately, the
devices that were tested had a limited range in Vcc of ±5 . All of the devices
failed functional tests. or did not meet specifications at -55 'C if the Vcc range
was set at -10% (+4.5 volts).

2.4 Group II PALs

Vendor I. recently introduced the fuse Programmable Logic Arrays (PAL's)
family of AND-OR gates arranged in various functional organizations. The AND
gates have programmable titanium-tungsten fuses, whereas the OR gates are
fixed. This is the inverse of the PROM where the PROM has fixed "AND" gates
but programmable "OR" gates. The PAL family utilizes Schottkv TTL process
and bipolar transistor devices. Figure 2-9 shows the basic cell structure of
two "AND" arrav cells and a SEM photograph of details of the unprogrammed
and programmed fuse. Unprogrammed PALs must have all of the fuses checked
to make sure that none of them are blown or open. A fuse verification program
has been implemented on the Sentry for a nonprogrammed PAL.

Functional test patterns were created for each part tvpe to test every input
transition completely separate from other input interactions. Each input was
independently toggled from a 1 level to a 0 level, and a 0 level to a 1 level for
every possible steady state condition of the relating inputs. A steady state con-
dition for a given input occurs when there is a nonchanging 1 or 0 level at that
input when another relating input changes, e.g., for a 2 input device, inputs A
and B. input A can have two steady states when input B toggles, a 1 or a 0. For
a 3 input device, inputs A, B, C, inputs A and B can have four stead' states
when input C toggles, 00, 01, 10, and 11. A relating input is an input that is
in the same logic equation for a particular output. See Table 2-2 for the logic
equations programmed into the devices for testing purposes.

All of the PAL devices were programmed at a local distributor using a
DATA I/O Model 19 system. A programming yield of 39/61, (64%) indicates the
relative immaturity of both the parts, and/or programming equipment. The
PAL devices that were submitted worked over the required military temper-
ature range. The parts are programmed with modern PROM programmers, and
the blown fuse patterns verified by the programming equipment.
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TABLE 2-2 PART PROGRAMMING DATA

PAL10H8:

11 of 17 programmed, 10 correctly. Output Pins - Input Pins

19= 3
18 = 4 x 5
17 =6 + 7
16= 8 + 9
15 1 "1"
14 ' "0'
13 = "0"
12 '10"

PAL12 H6 :

11 of 17 programmed, 11 correctly. Output Pins - Input Pins

18= 19
17 = 1 x2
16=3+4
15 = (7 x 8) + (7 x 8); 7 8
14= 9 + 11 + 12

PAL14H4:

7 of 13 programmed. 7 correctly. Output Pins - Input Pins

17 (2 x 4) + (2 x 8)
IG- (2 x 5) + (2 x 9)
15 (2 x 6) + 2
14 "0"

PAL16H2:

10 of 14 programmed, 6 correctly. Output Pins - Input Pins

16 = (lx2x3) + (lx2x5)
+ (lx2x7) + (1x2x9)

15 = (1x2x4) + (lx2x6)
-.. + (lx2x8) + (lx2xl)

A good full ATE functional test of the programmed devices will satisfy
verification of the fuse blowing as far as functionality of the programming
sequent, . The programming equipment verified that all unused fuses were
intact, blown fuses were open and it differentiated between blown fuses and
positions where no fuses exist (phantom fuses). The PALs with phantom fuses
appear to the programming equipment as a partially programmed 512x4 PROM.
Since all 2048 addresses are checked, the programming format also provided
the expected pattern for verifying nonexistent fuse nodes. The logic equations
defined the expected functional fuse patterns to be blown by the programming
equipment. The advantage of a direct verification of the exact inside fuse pattern
supplied knowledge on the remaining usable fuses. By knowing the remaining
fuses it is possible to edit or modify the device if needed. It would be advan-
tageous for an ATE functional verification to develop this fuse verification
procedure.

4
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Test Results. TWo of the 10H8 parts had propagation times slightly out of
specification at -55 C. All of the other parameters were satisfactory. Two of
the 12H6 devices failed VOL at -55 'C. The same two devices showed that in the
Schmoo plots involving Vc, they would not function when near 4.5 volts. All
14H4 parts passed all the requirements. Two of the 16H2 parts had transient
oscillation (ringing) of VOL at -55 'C and +125'C while one device showed the
VOL oscillation at +25 C. The oscillation is shown in a typical Schmoo plot of
device number 10 at -55°C in Figure 2-10.

2.5 Group II, FPLA

Vendors M and C produce the bipolar Field Programmable Logic Array
(FPLA) devices containing 48 \ND terms (product terms) and 8 OR terms (sum
terms). Each OR term controls an output function which can be programmed
either true active high. or true active low. The true state of each output func-
tion is activated by a logical combination of 16 input variables, or their comple-
ments, up to 48 terms.

The FPLA is more complex than the PAL simply because it is a more
general programmable logic array compared to the PAL. In fact, the FPLA is
a combination of the PROM and PAL. but fully programmable at the AND gates,
the OR gates, or even a choice of input/output polarity levels. The FPLA uses
programmable nichrome fuses. Similar to the PROMs and PALs, the FPLA has
internal test fuses to verify the fusibility of the fuses. The nonprogrammed
devices can have all the fuses checked and, unlike the PALs, the vendors have
provided a meth(x of checking the status of each fuse in the set, separately from
the programming equipment. This means of fuse verification outside of functional
testing is extremely valuable in readily checking unused gates for programming
additional functions.

82S100, 82S101. The only difference between the two FPLA types is that
the former has tri-state outputs, while the latter has open collector outputs.
These devices are rated to the military temperature range -55 °C to +125 °C.
These parts, like the PROMs, are shipped in an unprogrammed state. In order
to test the devices, 82S100 and 82S101 were programmed at the manufacturer's
local field office using their programming equipment. A total of 19 of the 21
parts were correctly programmed for a 90% yield. Electrical programming of

p these devices is complex, since the output polarity-verify sequence, the AND
matrix program-verify sequence and the OR matrix program-verify sequence
are each unique and require different wave shapes and amplitudes as shown in
Figure 2-11.

bit.Of the 19 programmed parts, the majority met all electrical requirements
of the specifications at the military temperature ranges. Four parts failed
functional tests at -55 'C, primarily due to output transient ringing problems.
Considerable time and effort was expended to make certain that the test equip-
ment was not causing the ringing problem.

93459, 93458. As an alternate source for the FPLA, Vendor C uses an
isoplanar device technology which makes these devices faster than Vendor M.
However, the leakages are higher for the Vendor C devices. The detail slash
sheet specifications reflect appropriate parameter limits to allow both vendor
devices to meet all the requirements.
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Considerable difficulty was encountered in trying to locate programming equip-
ment to program these devices. Several devices were unsuccessfully program-
med using a distributor's DATA I/O programmer, and new parts had to be pro-
cured, to replace them. These devices were finally taken to the supplier's
plant, and programmed using factory equipment. All (20) parts were correctly
programmed. Subsequent electrical tests indicated that these parts can easily
be a second source product. There was only one part that was rejected, for not
meeting the VOL requirement.

2.6 Group III UV/EPROM

This third group of memories is distinguished by the fact that the PROM
programming is accomplished by electrically storing a charge in the region of
the FET gates of MOS devices. The Ultraviolet Erasable PROM (UV/EPROM)
has a memory cell structurally configured with a single FET. However,
the FET uses an unusual construction where a polysilicon gate floats above the
FET between the source and drain. By using an avalanche technique the elec-
tron charge is emitted from the drain region to the gate above, and the charges
are trapped. since there are no electrical connections to the dielectrically
isolated gate. The N channel FET now acts like a normal FET switch when
proper gate voltages are applied and the gate threshold voltage Vt is overcome.
For all practical purposes, the floating gate will maintain its charge for most
quasi-permanent applications. Although the MNOS memory devices have a
minimum, unpowered, data-retention specification of 10 y'ears. no such specifi-
cations exist for UV/EPROMs. l indications point to the fact that UV/EPROMs
will retain data at least as long as MNOS devices, but suppliers have not com-
mitted themselves to any kind of data retention tests. Therefore, it cannot be
stated unequivocally that these memories will store data permanently.

To erase the memory, the entire memory cell area is exposed to ultraviolet
light which discharges the floating gates to the substrate. The erasing is per-
formed off-line, or out of the equipment, with the device placed under an
ultraviolet source.

A rudimentary examination was made of the ultraviolet erasing equipment
that was utilized during in-house operations. There appears to be a sufficient
safety factor in the specified erasing time for this operation, and erasing should
not be a problem if the operational rules are followed. The UV/EPROMs are
placed in a holder that slides to within 0. 722 inches from the ultraviolet lamp
source. The exposure time recommended for this particular equipment (Ultra-

-' violet Products Inc., Mineral Lamp Model S52-T) is a minimum of 20 minutes.
In an effort to determine how much guard band was used, a minimum exposure
time of four minutes was achieved on five M716 devices. The programmed
pattern was a checkerboard.

M2716. Evaluation of Vendor E's 2048x8 UV/EPROM indicated that it can
meet all of its specifications. However, the upper temperature limit was set
at 100 'C by the vendor. The parts will not meet specifications beyond 100 'C.
All the parts were programmed and erased satisfactorily using an in-house
DATA I/O programmer. The worst case DC VIH and V iL was 2.0 volts and 0.8
volts, respectively. The AC parameters were tested wit VIH and VIL at 2. 0 volts
and 0.45 volts, respectively, as specified by the supplier.
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MM2716. Vendor J's UV/EPROM claimed capabilities to +125 °C. Sub-
sequent testing and electrical characterization revealed that the device met all
electrical specification parameters at the +125 °C limit. Since extended life
testing to determine data retention capabilities at 125 *C was not attempted,
further evaluation in this area remains to be investigated. All parts erased and
programmed satisfactorily. The worst case DC VIH and VILwas 2. 0 volts and
0. 8 volts. The AC parameters were tested with VIH and VIL at 2.2 volts and
0.45 volts, respectively, as specified by the supplier.

It should be noted that when specifying the input signals required for AC
parameters and functional testing, most vendors use higher pulses than the
specified DC VIH and VIL levels. The rationale is that when making switching
parameters and propagation measurements, they want to make certain that
clean input pulse signals are utilized.

TMS!532. A 4Kx8 UV/EPROM from Vendor N was evaluated. This device
was tested through the full military temperature range. Erasing and program-
ming was satisfactory. Electrical tests, characterizations and functional tests
did not reveal any unusual traits, and the device met all specifications. The DC
and AC ViH and VOL were specified at 2.2 volts and 0.65 volts. It should be
noted that the vendor did not use the more standard 2.0 volts and 0.8 volts for
VIH and VL. It should be pointed out that not all suppliers of MOS devices are
trying to meet the worst case output drive capabilities of TTL circuits.

IM6654. This was the only CMOS part evaluated, and it features a 512x8
memory organization. UV erasing and subsequent electrical programming was
satisfactory. DC and AC parameter tests, electrical characterizations and
functional testing was performed. All parts satisfactorily met the specification
limits. It should be noted however that the DC VIH is specified at 2.5 volts and
2.7 volts for address inputs. Again, it must be pointed out that MOS and CMOS
suppliers are not making a very determined effort to be compatible with TTL
drivers.

2.7 Group III EAROM

The Electrically Alterable Read Only Memory (EAROM) depends upon
storing electronic charge in the gate region of the MOS FET. Both vendors D
and K supply the EAROMs as a P channel device with a non volatile FET memory
cell transistor made of a Metal Nitride Oxide Silicon (MNOS) sandwich, as shown
in Figure 2-12. The MNOS FET is located between two normal MOS devices as
shown in Figure 2-13. The electronic charge is stored at the interface between
the nitride-silicon dioxide sandwich under the metal gate. When a high electric
field is produced from the gate to substrate, electron charges tunnel through a
very thin silicon dioxide to the nitride interface where they are trapped. When
there are sufficient charges at the gate interface to reach a designed threshold
point Vt, the memory FET then acts like a normal FET switch similar to the
UV/EPROM memory cell. Erasing is accomplished electrically by reversing
the polarity of the gate to substrate voltage, and using a high electric field.

The MNOS FET is constructed in a trigate fashion (see Figure 2-13) with
two normal MOS FETS on either side to prevent the memory FET from becoming
a depletion mode transistor. The normal MOS FET will cut off and isolate the
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Figure 2-13. MNOS Tri-Gate Structure

memory FET when the gate voltage goes positive, thus preventing the memory
FET from being charged in the positive direction above ground when the
memory is being erased.

Using a single trigate FET for the basic memory cell, the output is read
differentially by comparing against a reference MOS FET externally biased
with the signal VR. Figure 2-14 shows this read operation. The area within the
dotted line indicates the memory cell area which is diode isolated from the rest
of the chip, so that erase drive can be accomplished.
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Due to the necessity to reverse the memory FET gate voltage polarity, this
type of memory is physically and electrically complex. This memory is com-
paratively less dense than other memories, because wider line and diffusion
spacings were utilized. The wider spacing is necessary to support the higher
voltages (30V) that is necessary for this particular process. Also these MINOS
devices have some unique general characteristics that should be briefly re-
viewed in order to appreciate the rather involved detailed part specification
that resulted.

0 Unpowered data storage time - 10 years minimum.
0 Read access time - 1. 5 microseconds maximum.
, Write time - 10 millisecond minimum.

'- / S Erase time - 100 millisecond minimum.
9 2 x 1011 minimum read access (NRA) before reprogramming.

1 i0 4 minimum write cycles (Nw).
* VR - Reference voltage for memory cells that allow differential read out

to the sense amplifier input.
* Voltages - ±5. 0 volts, -14. 0 volts, -24. 0 volts.

Data storage time in an unpowered state is specified to last for 10 years
minimum at nominal temperature. To verify this nonvolatility, an accelerated
life test should be run at high temperature in an unpowered condition.
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Read access time, write time and erase times are self explanatory except
that write time is accomplished with a series of pulses that total a minimum
write period of 10 milliseconds.

There is a slight degradation of the memory cells threshold voltages when
a cell is read. Therefore, a minimum of 2 x 1011 read accesses arc specified
before reprogramming is necessary. The read disturb life test is performed to
verify that the devices are capable of the minimum NRA read accesses.- The
reference voltage VR can be adjusted to determine the 1 and 0 limits of the
memory cells. if the 1 and 0 margin becomes too narrow, the device needs to
be reprogrammed. The 1 and 0 voltage values at the critical threshold points
can be plotted on semilog paper showing the memory cell Vt degradation slope
as a function of the number of read cycles.- The foregoing action of varying the
yR voltage to determine a memory cell threshold voltage is also called the
threshold test.

Nw is the number of erase-write (program) cycles that can be performed
before permanent degradation of the memory FET's occurs. Again, the VR
can be used as a tool and the memory FET's thresholds or Vt plotted on the
same semilog paper showing the degradation slope as a function of number of
the programming cycles.

Due to the fact that these parts are P channel devices, the required voltages
are all negative. The +5. 0 Volts is used on the substrate to allow TTL output
compatibility.

Considering the high complexity of these device, Vendor D's product is
relatively- mature, and the Yields appear to be under reasonable control.
Vendor K is relatively new in producing this particular product, and is
apparently having more difficuilty' in meeting the requirements. All tests for
erasing. writing and reading were accomplished on the Sentry tester.

2810. Tests and characterization of Vendor D's 2048x4 bit memory device
were satisfactory. All tests were run at the specified military temperatures of
-55 'C to +125 'C. Bulk erasing and selective writing by 4 bit words were per-
formed using the Sentry tester.

Sincc these devices require a VIH input signal of 3.0 volts minimum,
external pull up resistors must be used if TTL devices are used for inputs.
TTL drivers can only guarantee worst case minimum output voltage capability
of 2.4 volts V V 0=. 8 volts maximum. AC input requirements are the same as
DC inputs,' Tlata output is TTL compatible, but is not a true static output,
and cannot hold its output levels indefinitely. The $ clock must be activated
within 40 microseconds to hold the device static output level. This output is
similar to the 4104 quasi-static RAM.

7810. Vendor K is an alternate source to Vendor D on this 2810 part.
However, the parts were not as consistent in meeting all the parameter require-
ments. This is probably :-e to the fact that the vendor had just started delivering
sample devices to interested customers, and the parts were relatively new.
However, of the sample parts (11 of 15) showed enough functional and device
parameter yield capability that by the time these devices are ready for qualifi-
cation testing and evaluation, supplier K's production process should have device
yields under reasonable control.
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Section 3

MIL-M-38510 DETAIL SPECIFICATIONS

Table 3-1 lists all of the memory devices that were evaluated by this con-
tract, including the ones in which actual drafts of the detail specifications were
written. It should be noted that a slash sheet was written for the IM6654 CMOS
UV/EPROM, but a number was not assigned at this time. A total of ten detail
specifications for MIL-M-38510 were written.

In Table 3-1, the first four parts were utilized to create 5 dash numbers
within the basic 238 slash sheet categorized by memory organization and speed
of memory access time. The 4104 was fully tested and characterized, but it was
not requested that a specification be written. The S6810 and MC6810 RAMs
represent two sources for the same type of device. The 27S07A and 27S03A
represent a noninverting and an inverting output as two separate dash numbers
for the 260 slash sheet. The 93470, 93471 bipolar RAMs were specially tested
as requested by RADC. The "cold start" problem below -30 'C was investigated
for RADC. The 4044 and 4 0L45 could not meet their own specification, there-
fore were eliminated from the programs. The S6831B ROM was successfully
evaluated by using an evaluation mask programmed device from the supplier.
The M3636 bipolar PROM was fully evaluated as per RADC request, but no
specification was written since one already exists.

The next group of four PAL devices are part of a family of programmable
logic array devices of which four dash numbers were created. The two FPLA
devices are alternate sources for the slash 502 specification. The M2716 and
MM2716 devices are alternate sources for the slash 221 specification. The
TM82532 device is a single source part for the slash 222 specification. As
mentioned earlier, no detail specification number has been assigned to the
IM6654 part. The ER2810 and 7810 devices are alternate sources for the slash
225 specification.

No special test methods were written for MIL-STD-883. One possible can-
didate for inclusion might be the memory retention test for nonvolatile
memories. The so called UV/EPROMs, EAROMs, and the new EEROMs are
all nonvolatile memories. However, the term nonvolatile for these semiconduc-
tor devices is a qualified term because all three devices cannot hold charges in
the gate regions indefinitel y when compared with magnetic memories. Memory
retention capabilities can be broken down at the present time as a function of:
(1) unpowered. static data retention, (2) data retention after a number of read
cycles, (3) data retention after a number of erase-write cycles, or (4) a
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TABLE 3-1. LISTING OF SEMICONDUCTOR MEMORIES CHARACTERIZED

Draft of
MIL-M-38510

Part Number Part Description Detail Spec Supplier

2147, M2147 4Kxl MOS Static RAM /238 E
2147H-1, 2147H-2 4Kxl MOS Static RAM /238 E
2114, M2114 1Kx4 MOS Static RAM /238 E
2148 1Kx4 MOS Static RAM /238 E
4104 4Kxl MOS Static RAM - G
S6810 123x8 MOS Static RAM /402 1
MC6810 128x8 MOS Static RAM /402 H
27S07A (29701) 16x4 ECL Static RAM /2 60 A
27S03A 16x4 ECL Static RAM /260 A
93470, 93471 4Kxl Bi-Polar Static RAM /233 2/ C
4044 4Kxl MOS Static RAM N
40L45 1Kx4 MOS Static RAM - N
S6831B (68316E) 2Kx8 MOS Static ROM /403 B
M3636 2Kx8 Bi-Polar PROM /210 2/ E
PAL 10H8 10x8 PAL /503- I
PAL12 H6 12x6 PAL /503 I
PAL14H4 14x4 PAL /503 I
PAL16H2 16x2 PAL /503 I
82S100, 82S101 16x48x8 FPAL /502 M
93459. 93458 16x48x8 FPAL /502 C
M2716 2Kx8 MOS UV/EPROM /221 F
MM2716 2Kx8 MOS UV/EPROM /221 J
TM42532 4Kx8 MOS UV/EPROM /222 N
1M6654 512x8 CMOS UV/EPROM 1/ F
ER2810 1Kx4 MNOS EAROM /225 D
7810 2Kx4 MNOS EAROM /225 K

Vendor Code

Code Vcndor

A AMD
B AMI
C FAIRCHILD
D G.I.
E INTEL
F INTER SIL
G MOSTEK
If MOTOROLA
I MMI
J NATIONAL SEMI.
K NITRON
L RCA
M SIGNE TIC S
N TI

1/ Detail specification not assigned Yet.
/ Not written in this study.
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combination of all three. It is not clear at this time if one test method can be

written to satisfy all three operational conditions for all three device types.

This will require further investigation of test methods.
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Section 4

CONCLUSIONS AND RECOMMENDATIONS

The majority of parts evaluated were satisfactory, and those which were not,
were obviously incapable of meeting the specified requirements.

One potential problem became evident, after evaluating most of the vendor
furnished memory specifications. There is an apparent nonstandardization
trend on input/output parameters. When microcircuits were originally intro-
duced several years ago, there was a strong effort to standardize the input and
output requirements so that healthy noise margins could be predicted. DTL and
TTL microcircuits were particularly well defined on DC noise margins.
However, with the advent of MOS LSI microcircuits and memories, the input/
output level requirements started to become ambiguous due to conflicting needs
and capabilities.

Most periphery support circuits for microprocessors and MOS memories
have been TTL circuits. MOS circuits have had difficulty responding to the low
level output voltages levels of TTL, particularly when the TTL driver is fully
DC loaded (VIH = 2.0 volts). Many of the suppliers have designed their MOS
circuits for higher input voltages, and even higher voltages for pulsed inputs
for functional and switching parameter measurements.

It is recommended at this time, that a study be undertaken to determine if
input and output DC voltage levels and pulse inputs can be standardized. Such a
study would also investigate what the near future portrays for input/output require-
ments when MOS threshold levels go lower, and supply voltage falls below 5.0
volts to 3.0 or 1.5 volts.

0 4
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Appendix A

SELECTED SENTRY ATE TEST PRINTOUTS

DISCUSSION ON SENTRY TEST PRINTOUTS ON 2148 STATIC RAM

SENTRY ATE test data printouts of functional, AC parameters, Schmoo
plots and DC parameters for the 2148 Static RAM serial number 9 are shown in
the following pages. These measured data and characterization plots at the mil-
itary temperature extremes of -55°C and +125°C are typical of the tests con-
ducted and the data gathered for each of the 26 devices tested during the conduct
of these tests.

Figure A-i shows the basic timing diagram used for the Schmoo plots in the
appendix. Most of the plots have self explanatory headings, however, there are
two terms that needs further definition, delay and width. Delay means that the
signal moves both leading and trailing edg s simultaneously delayed in time.
The term width means that the signal moves only the trailing edge. The ATE
timing starts at 100 ms, and the printout of timing plots shows this number. The
timing diagram shows that real time "0" starts at 120 nSec of the ATE timing
diagram. This adjustment for real time must be made when reading timing plots
in the horizontal scale.

Figures A-2 and A-3 show the results of functional and AC parameter tests
at -55-C and i125 C respectively. Figures A-4 through A-35 show examples of
Schmoo plots of various device parameters as a function of time or Vec, and
temperature. Figure A-36 and A-37 show the results of DC parameter tests at
-55' C and +125uC respectively.

The test data and Schmoo plots for this particular sample part (2148) have
been irluded in this appendix because they show a failure at high temperature
for access time TAA and TACSI in Figure A-3. The failures occur because the
original test limit was set for the vendor specification limit of 70 ns, and meas-
urements indicate 72.3 ns and 71.5 ns respectively. This access time failure
can also be seen in the Schmoo plot in FigurL A-15. It shows the plot of address
access time (strobe) in the horizontal time scale, and every thing left of 200 ns
equivalent to 80 ns real time, is a failure. In this particular example, the
access time limit TAA was marked at 90 ns instead of 70 s. The final mil
specification limit was also set at 90 ns for this access time parameter.

The hand encircled data points in the plots were inserted to visually indicate
where the specification limits occur in relation to the plotted data.
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The Schmoo plots (Figures A-24 through A-35), showing the supply voltage
Vec on the left vertical scale, must be converted to obtain the correct voltage
by adding +11.0 volts. For example, in Figure A-24, the top of the left vertical
column should read +11.0 volts - 5.5 volts = +5.5V. The bottom of the scale
should read +11. 0 volts - 6. 5 volts = +4. 5 volts.

100 150 200 250 300 350 1000 nSEC 0
30 80 130 180 230 880

COMPUTER 0

PRINT I I I I I

ADD 0(120) 90(210)

WE1515

DATA IN _/0(160) 210

STROBE 90(21 110(230)

20 nSEC

Figure A-i. Basic Shmoo Plot Timing Waveform for 2148. A delay moves both leading and trailing
edges while a variable pulsewidth moves trailing edges on.
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LJATA JUl) )tAAYE *1e~1A~tv)7

-i ~~UArA UUT oIILlms ~.k~

Figure A-4. Sentry Shrnoo Plot of Device 2148 -Output Low vs Time at -55"C
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SHMOU PLOT AT 51A~trtNT NUMBER 1522 f/z;C SHPLOT REVISION

Sd YI4AX a +4dW~ V YM1N a "OblEe V VUELYAm 41,59WE091 V
P07 AMAX 2 +30ik0 XMjN s +*.0dE=i7 3 X0ELTAm *4@V@SEv@9 3

*3,40EVO V e xxxxxxxxxxxxxxExKEExxKExxxxxxx
*'4b~i~te~iv *xxxxxxxxxxxxxxxxxxxxxxxxxxx

*2*,7t4-o v * ,XXXXXXKxRxxxxExxKxxxxExxxxxxx

v * * * *O XXXXXXXXXYXXXXKEXXXXxxxxx

*1.000~L-k00 V * * xxKxxxxxxxxxxxxxxxxxxxxAxxEx

*1000kL-d0d V * XXXXXXXXXXXXXXXXXXXXXXXAXXX

41,h~ktEIl4d V * xxxxxxxKxxxxxxxxxxxxKxxxxExx

.1.,i0iE-016 V b 0 * E xxxxxXxxxxxxxxxxxx
+1-5L0 V * XXXXXXXAXXXXXXXXXXNXXMxxxxx

+b.Wdt4E*-d1 V ** * XXXXXXXIXXXXXXXXXXXXx

*b,1W4tmk45 V 0 a XxxxxxExxExExxxxxxxxxxxxx

PU?
0 +1 fdkt0 1 * 1,4014-.0? 5 2 a +toe~iEuI7 5

3 a ,eot18 S 4 # 2,bOI4E.07 5 b 4UUEe
UUTPU1; LON VS TIME

L'41P LNAkbLt Ut.LAYs ,1,2kiOL-0/

AUUft., OLAYS *i.204ti/
AUUftEb$ *1Urhs +9,000-08~

uAtA 114 DLLAYX +1,bidO~E'"
IJATA 1,4 wiur~a ,b,Wdort.kie
L)A1A OUTJ ULLAY. 9 1W-~

Figure A-5. Sentry Shmoo Plot of Device 2148 -Output Low vs Time at +125 0 C
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5'IMOU PLUTAT3ALtl U-E 1526P. kvsu

$1 VMAx a +400w0V YMIN a -00vt0 V YLEITAE +2.00E-1 V
V01J X'MAX a a.bjwu1Ee07 b XM1N a 41.'000E-6' b XDLLTAN *4@00E-0w9 5

51

+-5,400twd V * * * * xx~xx~xxxxxx

#3.2o~dt"0!k V * * * * XXXXX~xxxxxxx
*.iA~,t2V * * * xxxxxxxxxxxxxxxx

*2.tsiakf-Ou v , * * xxhxxxXxxxxxxxxxxXXX xxxXxxxxxEx
+2001~6LOWh6 V * * * XXXXK xxxxx~Kxxxxxxxxxxxxx~xxxx
#2,44~itg V .1 * * XXXXXXXX~xxxxxxxx

*2,~.~Ic3V * * XXXXXKXX~XX XXXYXXXXXXXAXXXXXXXX
*2.MBIA.40i V * * * xx xxxxxxxxxxxxXxxxExxxxxxxxxx

+18otjeV * * * xxxxxxxxvxxxxxxxx
*1.60frLwktI V * xxxxxxxxxxxxx~x~X X xxxxXxxxKxxxxx

*I,42id.-idv V * * XXXXXXXXXXXXAXXXXXxxxxxxxxxKExExxx

*1.Lt'60-ajit' V , XXXXXXXXXXXXAXXXXYXXXYXXXXXXXXXXXXXXXX
+8.Id~wE-kV1 V * * XXKXXXXX KfXXXXXxxXXXXXXXXXXXXXXXXXX
+660~E.,Ptil V xxxxxxxxxx*xxxxxxxxxxxx

*d,9100EwI V * xxxZxxxxx~xxxxxxxxxxxxxxExxxxxxxxxxxxxxxx
*ardt1L.1V * xKxxxx1xxxxx wxxxxxxxxxxxxxxxx

V xxxxxxxxkxxxkxxxxxxEX XXX XAXXXXXXXXXXXXXXXKXXXX

P1)/

3* S 4 + 2,66itwI7 6 5 + 3000deusse 5
UUYIRUI; rlIn Vb TIML

CHIP LNAttLL OLLAYS +192k'0L*e7
CIP ENAdLE y!I)T~u *8.0tw'd
AOD)IEbS ULLAYS *1,200twO?
AUDRESS aO~ *IDTs+,wSw@

wkITE ENAOLL UELITME +?,fdI1IOwq

UATA IN OtLAYs +9000LOWk?
DAIA IN WiOTHS +51owlw~
UATA UUT ULjLAYU +29l101Em17
OATA UUT '91u)Tt1 +2wOE
9PEMIUUG +1900L-061

* Figure A-6. Sentry Shmoo Plot of Device 2148 -Output High vs Time at -55 0 C
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0
SIIMOU PLUT Al STATEMENT NUMBER~ 1*42 trix5oC. SH'P60T REV13ION

51 yMAX a *4.9k ,OL-0 V YMIN a 00000Wig.0 V YUE6TAX #2908IEP01 V
P&7 XMAX a *.3sWW~kwW7 S XMItN a *l9000E*7 b XUELTA5 *49ONVE9U9 3

+380to V **

+3924t"00ik V * * * * * * *xx~xxx
*J4itiwoE-owv V x*xxxxxxxxxxxxx

+26OEh V * xxxxxxKxxxxxxxxxxxKxxxxxxx
*260tO V * XXAxxpxxxxxxxExxxxxxxxxxxxxx
+26.6iO-0 V * , XxxxxtxxxxxxxxxxxxKxXXXKXXXXX

#20000-00 V * MXxExxxxxxxxxxxxxxxxxxxxxxKxxx
*10800Ito V *, xxxxxKxxxl xxxKxxExxKxKxxxx
*1.640ehod V * * * xxxXxxxxxxxxExxxxxxxxxxxxxxxxxx
+104i0,ewofr V 0 x~xxxxxxxxKXXXXXxXXXXXxxxxxxxKx
+1,200E"I00 V * *xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
+106to V * * xxxxxxxEXXXXXXXXXXXXXXXXXXXXXXXXKxx

4,kon V * * * *XXXXXXXXKXXXXXXXXXXXXNXXXXXXXXXXXE
+b."$40ftio V *xxxxxxxxxxxxExxxxxxxxxxxxx(xxxxxxxx
*d.04w-01 V * xKxxAxxxxxxxxxxxxxxxxxxxXxxxxxxxxxx
*+.,'it."It!1 V I xxExxxxxxxxxxxxxxxxxxxxxxxKxxxxxxNx
"-09d&CL-00k V , xKxxxxxxxxxxKxxxxxxKxxxKxxxKxExxxxEx

~~~~ 1.+~Bk~ 1,400Ew07 5 2 a 1,8@@Ew@7 b
.3 +W.2bdLuI0? S 4 * 2,680E.&d7 s 5 +*b~sEs,0? 3

ULJTPuTj 14161 VS TIML

AUDKE5b ULLAY. *1.Iek1L-I07
AUURE~SS miflhs +9itsiLod
WWIIt ENA6Lt ULLAYs *l 1 ,Jm1E-I17

'ilk aNITL tfNAbLt WIU1Hs #101M~Ei~8
UAtA IN OtLAYX +19bkiOL-0?
UATA 114 iWLUTH3 +b,r 1600 -0
DATA ULJT OI)AYu *2,1d1L-V07
UATA UUT t1Ulhz +2,kvE~
IVL'LOUa +10vt0

Figure A-7. Sentry Shmoo Plot of Device 2148 -Output High vs Time at +125 0 C
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SHMUU PLOT AT SIATtMENT NULJhER 1~3 SnPLUT kt~VISION

F0)1 YMAX 8 *1.bki%6L-w0/ S 'lMIN X +1, 1600.(A7 b VULLTAU +2e fA66EpwI 5
PU7) XMAX a *J.olaWL-7 6 XMIN a 41,001AEwe/ 6 XUtLTA@ *4,0PiOEv.9 S

Pul
+1 bdk)L.V)/ S * x
+1,4?b~q-kd/ a xxx
+1,44bo16~1 5 , xxx,
*1,d23.i.-j6 b , *XXX, , XxxxxxxxxxxxKxxxxxx

*13*-o b Xx , XX, , xxxxxxxxxxxxxxxxxAx
b * xxxx* xxxxkxxxxxxxxxxxExxx

*1,~~~bi 6 xxxx*, *xKxxxxxxxxxxxxxxxx

+1,275E-07 b xxxxxxxxxxxxxxxxxxxxxxxxxxxxXxXx
+*2jt0 b *xxxxxxxxxxxxxxxxxxxx~XxxxxxXxxx

*1,225L.P/ S * xxxxxxxxXxXXXXXXXXXExxxxxxxxxxxxx

+17~v/S xExxxxXxxxxxxxxxXXXXXXXXXXXXXXX
*1,1?bLktE? * b *xxxxxxxKxxxxxxxxxwxExxxxxxxxxxxxxxx
+.12b-i 6 , b xxxxxxxxxxxXxxxxxxXXXXXXEXXXXXXXXX
+,316t.jo 5 XXXXXXXXXXXXXXXYXXXXXXXXXExxxxxExxxxx

*105Pi b xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
+6,*-E0 ! * XXXXXXXXXXXYXXXXXXXX~xxxxxxxxxxxxxxxX

.1*025two/ S * xxxxAxxxxEXKxxxxxxxxxxxxxxxxxxxxxxxx
S * *xxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXX

P0)7
t ~~ ~ U 1+~-~ 1,4e0E-07 b 2 * *i8@6Ewi17 5

3~* S 4 # 2.bidE(M7 5 5 *,.r(0@wL'ki7 3

CM1W tNAdt~L UtLAY VS STR04t~

CHIP ENAI3Lt ULLAYS *1,2IWEw-07
CHIP ENAtILE WI1(TH* +89500wil28
AL)DlESS OLLAYN *192k71EuP7
AUURE33~S wIoTH8 *jIBI1LP06
wwK1L ENAbLE UtLAYm #1o.bow07
wAT E1VAdLt oIVTms *7.IWfA~w98

LJATA IN Ok.LAYU *1,600t~-07
UATA IN wIo)Tms *5,oi9tow
L3ATA UUT uLLAYs *d,IWEP07
UATA UU1 m1UThm *,00PmId

Figure A-8. Sentry Shmoo Plot of Device 2148 -CE Delay vs Read at -55'C

50



bHmuU FLU( AT SrtIENT NUMJk 1554 +17-S le. 3*'PbO' REV1510'

IP'uZ y11AX a *1.bjdh.O S YMIN 9 +1@000~cE7 3 YLIELTAU *2,5U@iEo@9 S
P07 XMAX a *,,&4Lsi07 S XMIN a 4*.0WE-07i 6 XUELTAU *4pojdke@9 5

PUl

*1*47*Ev4/ b 6 9 0 xx~xxxxMxxxxxxExxxx
+140L0 b* XXXXXEXXXXKEXEXXXXXX

+1,42Evo~/ b 0 a * Oxxxxxxxxxflxxxxxxxxx
+1.40OvL.oi/ b 0 0 9 xxxxxxxxxxxKKxEKKXXKX

*1 1l~E' 5 0 xxxxxxxxxxxxxxxxxxxxxxxx

+12oLo 5 xxxxxxxxxxxKxxxxxxxxx
*1.225EW07 b * xxxxx~xxxExxxxxxxxxxMxxxx

*1,17~~7 ~ * xXxx~xxxxxxxxE xxxxxxx

*1,26- 5 S * ** xxx~xxxxxxxExx*Kxxxxxxxxx

+1.0'70L-076 * S xExxxxxxxxxxxx~xxxxx
*ld~krk-1O/ b ~xxuxxxxxxxxxxxxxxxxE
+1.025E'i/ b * x * E xXXxXXXKXxExxxxxxxxKxx

*1't~i6 *b XxxAxxxxxxxxxxxxxxxxKxxxxxxx

P07
I A 0 *,i.La7 kO 7 5 +1,4WkIE-07 5 2 a +108U0t6*W1 I
2 , k a o t a -7 5 4 U*2.b1eL-vi7 6 b + 3,k100E-07 b

LHIP t,*AuLt I UtLAY VS S'TNLoLk

CHIP LN4AdLL ULLAYs +I ,21oof wO 7
CHIP tNeAdt~L wIuTH* *8.btIVb

A00140S OLurtla +,9 IdiviE.-,e

Pwrt ENU I uT~m *U ru-

- UAIA IN OtLAY& +j,odt-k./
UAIA IV 0u101046 +5oiOVE-
UA(A UUT tLAYS 02,100.-W/

Pei~luum *i.$PviL-do

Figure A-9. Senitry Shanoo, Plot of Device 2148 -CE Delay vs Read at +1251C
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614MUO IP1LUI Al SIATCMENI NUM*4tN 1536 -5rC 3FU iREV1ION

Pswi YP4Ax m +j*1.oIw. 5 YMIN 4 *5,0OLuO8 5 YLYLAw +5,0OWEuNV S
P1)/ XIMAX 8 +,S~iE0 5 XIN a *1*@AOEw@? b XLJELTAm +4mwdwEwe9 8

+1.454E-07 b *X ,x ,Xxx,
*1,40t~-I/ b *x ,X *XXI
+1,3450L.-07 5 *xx *xx * *XA9*X

+ I , Jdwt0/b9 xx , *xX x x *

+1,200o/4 6J * 0 *x *x XX , XXX*

0 * * * * XXXXXXXXXXXXxxxkxxxxxxxxxxxxxxx

+bbO 5O 0 * KXXXXXXXAXXXXkXXXXXXEXXXXXKXXXXXXXX
+8.4%iwI-wd b 9 * XXXXXXXAXXXXXXXXXXXAxxxxxxxxxxxxxx

*b~vidk~h~ 6 * * xxxxxxxxxxxxxxxxxxxxXXXXXXXXEXXXXXX

S * * * XXXXXAXXXXXXXKXXXXXXKxxxxxxxxxxUxxx

3 2*,dow/ 6 4 + 2,bMCtwO? S 5 3

LHIP LNAOiL~ 3tAY W +(j0l s Stol

AOL)46.S QLLA'Vu +1.doot-V7

MMIL ENAOLL L3ELAVS +I.Jb~k-O/
APk1JL ENAcLt *IUTgM8 +/.OV~4-O

AIA IN I)LLAYZ +1,bI'0Qk 4 /
-UArA 1,4 mj~j1Hm +50vtA

UA!4 (Jil I9ILJTFI +jod'-

Figure A-10. Sentry Shmoo Plot of Device 2148 -CE Width vs Read at -55'C
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Pdj YVAX x !,)~LW YMIN 2 ~iiEe& S Yc)ELTAX +540t Si

Pu/ Xm'ix* a +.*10t0 S XMNx+,VOOE-O/ b +uLA 4.400gE"0'9S

* * * XXXXXXXXI

~ ~ * *XXXX)XXXXXXXXXXwxxxxx~x

S * * , Xxxxx~xxxxxxxxxxgxxXXXXX

6 * * , * * XXKXXXXXXXXXX~XXXXXXXXXX
* * xyxxExxxxxxxxExxxxxxxxxxxx

VIP LV U S *1T Vb * * ** *

LMI tN86 W 16 1 H *I24E$ S 2 a*aOvtE.&

AtURLbb ULLAYS +4,'OL00

* AI)IIsb v~iur~ .to.dk~i-vd

*mPOLi tN~ OLLAYS *1..350k"07

WRITE tNAcdLL wluvfhn +1,OWk1t"O6d

IJATA IN U.LLAYm *I~bwitIC/

UATA Lii mELUIma *+,9i"vi-,od

L)ATA iUT ALAYS *d.ikA&-V 7

UIJAA uul AIi)Tr1 +2,OWOE-rd

Figure A-1l. Sentry Shmoo Plot of Device 2148 -CE Width vs Read at +125'C
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SHMOU f'LUT Ar StAfLML,41 NUJMbEW ).aq - 5s C SHRIU WtVISIUN

VUL2 'rMAX a *?bOiEF-/ 3i YMIN x */,bivEmIt 5 YVELTAO *5,OVE-09 S
PU; XMAX a +44OL0 S XMIN W 5 XI.4E4t~x S490160E-09 S

PU2

5 , , , , XXXXIXXXKzXXKXXKXXXX'XXXXXXXX

01.34k~0b/ ~ xxxxxKxxxxxxxxxExxxxxxxxxxxxxxxxx

+*2 1-6 a *0 xExxx~xxxxxxxKXYXXXXXXXXXXKXXXXXXXXx
0*1k)-0 6 *xxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

91,5LO xxx 9 XXXX xx xxxxxxxxxXXX X
5 * *xxx, xxvxgxxxxxxxxxxxxxAxxx

4 t *2LotP * 4 X z *260- b 3odF@
*OR~ *t A *b * * * *

LH R k 5~ *LAY +* * * * * * *

AU'U55 : ULAE VSsI,216k3V

V441 ENAOiLS ULLAYu 1.350L-0
i AOUT5 LO~te Oljs /o~"ed-

UATA IN 01ttAYN *jb~b-4
LiAtA IN '911dM. 45,000Etd
LIATA UuT JE,..AYS *2.i160E-07

PLR41UUw +110vt

Figure A-1 2. Sentry Shmoo Plot of Device 2148 -Address Delay vs Read at -55 0 C
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bH.- LU T t ftiNI(-u---b 4 t-;.SmL T E 13 O

P0i2 Y#1AI a +61WtW Y1'IN a 3 botV 5 YL*ELTAB +5OO~@ S
POI/ $MAX a #J00t0 5 XMjj. 8 S10 t0 xLTAm *4,t~hwC"9 6

I'U2XXxxxxxxxx
S 9 S 9 5 5 5 0 Sxxxx

b XXXXXXXXXXXXXXXXXXS XX

b xxxxxxxxxxxxxx

b uxxxxyKxxxKxxxxxxxXKXEV

0 o*e-0 b *140*W 5 * +1060KXkXWE~~AXES0

* J6kL a *224tA b 4 *2baF4 5 3dIEF

LrI *h~~ U L~ *1 * * * * *
C*i tN*L A*T I * * * * *

AVRb w*im * * w*Ew *

mkT f.AO 401%.Tme 1a6 *.14LEA? 6- *.6E.7

UATA IN~ WIlTHIN +5,000sf.-'9d

UATA U ULJ' ~LAYS +21Vt0

L)ATA JUT AlLUb'a

Figure A-13. Sentry Shrnoo Plot of Dcvice 2148 -Address Delay vs Read at +125'C
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briiuIO PLLJT Al SIAYLMtNT NUMbEN 1!)bI - 5 5C.r SmP601 WEVISION

P"2 VrMAX a SkOv-1 YMIN a +b~w~EwO8 5 YIJE6TAu *?.0WdL*0 5
POI XMAX a *3.dhA~wWd/ S XMIN a +1.VOikwW7 5 KUtLYAm *4swOif"9 6

PW2

4 * xAxExxxxxxxxxXXXXXXXXXXXXXgZEXEXXA

4 * XXXXXXXXXXAXXXXXXXXXXXXXXKXX

4 *xxxxxxXxxxxxxxxxxxXXx~xxxxxxxx

*1,~La b, 6 XXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXX
'1,2~~-S xxxEAxXxxxx kxxxxxxxXXxxxxxxxxx

b * * xxxxxxxxxxxxxxxx

b xxxxxxxxxxxx*xxxxxxxx
bt,.~I S , * * xxxxxxxxxxxxx

*7,2'L-5$ * * Xxxxx CxKxxkxxxxxxxxxxxKEKxExx
~ 6 * * * *~xx , * * *

9 * 9 * 6 9 9 9 0

J3 +2.2Okta-(b/ 6 b 5 *26P.0 *3OkI@pf~im7 S
AovK(EbS : 1UTH vb STWOut

LHI1P ENAt3LL ULL.AY& *1,2wa-oi

*AjUk~bS ULLAVO *1,200twi6
AL)UPILSS WIvlr~m .I9,00O-k-

nWITE trNAcLL WIOTma *1,IdVE-(Ad

UAIA IN LJLLAYS +1bdwt0

UAIA Uul L)f.LAYz +216(tv
- ~ UArA uarT .lUlms *2,001tqjd

Figure A-14. Sentry Shmoo Plot of Device 2148 -Addrcss Width vs Read at -55 0 C
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bml'UU V1w-T 0~ bTA1LENT NUd~.% 1bb/ -f SC- SMPLO1 O(EVISIUN

P*2 Y'1Ax a +.ot076 YMIN a +b* wt.ikb 5 YLDLLTAU +79b~etwO9 b
P'U1 AM4AX a +Jv~~t0 S XMIN 2 +1,0$Li1mofI 5 XUELTAN +4.,lK0f.UV b

* * * * xkxxxxxxExxxxxxxxxxXXXXX
*1D~VL1i~b XXXXXXh*KXXXXXR XEXX

b * * * XXXXxXXXXXXYXXXXKxxx
b * .xxxxxxxxxxxxxxExKxyxxxxxx

+1.bbL~i/ ~9 * * 9 Ixxxxxxxxxxxgxxxkxxxxxxx

-? *,4/L-~/ S * * xxxxxxxxxxxxxxxxxxxxxxxx
b * xx~xxxxxxXXXxxxxxxxxxx

*1.- a * xxxxxxxxxxxxxxxxxxxx
*1~~V/S * * * q xxxAxxxxxxxxxxxExxxx~xKxx M
+l1/ b- 6 * xxxxxxxxxxxExxZxxxxxKxExxx
*11t~ii7b * xxxxxxxxhXXxxxxxxxxx~xxx

*~tIbe 6 * xxxxxtuXXXVXxxxXxxKxxxEx
*tS39i b ~ * xxx xxxxxxxxxxxxxxxxxxxxxx

6 ~~~A * * * * X xxxxxxxKxxxxxxxxxxxxxxX
*7~~1 t-bt S * , xxx~xxxxxxxxExxxxxxxxxxKxx

5 * ,x xxxxxxxxxxkxxxxxxxxxxx

.3u 4 a+2bwE-p7 5 0 +3*J0WO~Es9l S

LHIP~ LNAL UL)LAYm *1,352Lw/
w'4Ir' tNALE WlL)T~s +,bV,EAwk45

I ArA IN UCLAY9 *1.20Ow'7~

UATA titT ULLAYS *,e*IV~kw07

DATA hJUT iIUTtIU +i~V'Ap

Figure A-15. Sentry Shmoo Plot of Device 2148 -Address Width vs Read at +1250 C
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SmMOUd r'LU7 AT 5JATLiN1 P'NUbk I~ SrPLflI WEVIS1UN0

PUS. YV1AX a *4 ,tk&L.167 S V'M1 a *1*OHOL.Oj b YUtLTAu +*q.oE-~dw b
I'luI XMA.K36 .a *XMI1EN a XLLLTAs *4,OOVE-09 o

+2,.~kjL-o1 S 4 *

+ 1e,50LHO/ 5

* 0 *KXXXXXXXXXXXXXXXXXwx~xxxxxxKAxxxx

a1Sd~~ 3. * *XXXXXXXXX~XXXxxxEKKxxxxxxxKExKxxx

*1.b)'.~ 0 0 0 * XXXXXIXXXxExxxxxxxxxxxxxxMxxxxxx1x

bI1~ d 9 0 * 9 xxExxxxkxxxxxxxxxxkxKXXXXXXXXXXXXXN

*1,~~L-0 V * XXXXXXXXXXXXXXXIXXXxxxx xxxxKZxxxx

P07

W"11h ENAdL. OEuLAY VS STPUbt

(LHI t"4AbLL UtLAYx * I @2 lo0 a 07
1 4CHIP tNAdLt V#lUIM* +h,05kikpfr4

Ak.AUULSS UtLAVU +*201ALwP7
AOO*LSS klUtIHa *9,0t61E-e

OwItrE tNAOL OLLAYO *IJ-E35O07

U~rA IN UtLAV8 +19606tV
O)ArA 1r, WID7HO *d,,5WEakd8

UATA UUT mZUTH* #2,1W1kiwo

Figure A-16. Sentry Shmoo Plot of Device 2148 -WE Delay vs Read at -55 0 C
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6PIMOJ 01,01 AT SlAlEMkNT NU~bEk O I tiA5 1C SMPL01 WEV1310N

Pus3 'MAX a +2,00;6t-07 3 YKIN 4 +1,00"EWS7 b YIJELTAM *5.040ENWI 3

P11 XAiAX 9 #3 6000LOO/ b XMIN a +1,dw0,E.'e S K,~I.TAu +4.00Ev@9 $

PUJ
+2 jo e-7 1 a 0 4 0 0 0

+10630-d/ b 9 0 9 KvwXXKKKKKKXXXXXXXKKKK~x

+16060 b * a 0 KKKXXXXXXXKXXXXXXXKxKx

+lo400t-W/ b * * 0 4 XXKXXXXKXXXXKAXXKXXXKxx
+1.I630tL-0 5i 0 0 0 0 * xkdxxxxxKKxKKExKKKxxKxxxx

'4 12~of~ oibtS S 0 ,2, 0 ~ 6I 0 a 9 *W3 a

P uLrAIP tN~dt LA 1r~~

LAUt UtuLAYs +1,12k3E:07

U.AIA U~UT VLAY&1M +ieWiI00k-k'i

Figure A-17. Scntry Shmoo Plot of Device 2148 -WE Delay vs Read at +1250C
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SHM'UU PLOI AY STATtItNT NUJMbEk 160d3 -55t SHiPLUI NEV1IuM

Pw YfmAx +150W 5 'VMIN a *boaiweuwib b YUELTAO *+,S0O1L"99 S
FUIl XMAX 2 *400t0 XMIN a *1.'W90E',7 S XUELTAx +400WU~mdug 3

V V4 J

+1,36iL.wJ/ S * xxxxxxxxxxxxxxXXx~gxxxxKxExxExxx
+1S0t~ b *xxExxxxxxxxxE xxXxExxixxxxxxKxx

6 * * xxxxxxxxxxx~xxxxxxxxxxxxxxxxkxxxxxx

* *~ddvt.U *b *xhxxXxxxxxxxxxxxxxxxxxxxXxxxxxx

b9~'~.~t 6 * * xxxxxxxxxxxxxxx
b * * xxwxxxxxxxxxxxxx
b ,XkExxxxxAxxxxxxxxxxxxxxxxxxKKxxxxxx

+700-0 4 0 *XXXXXXXXXXXXOXXXXXXIXXXXAXXXXXXXXXXX

+bAOLO b * * XAXXX)XKXXXXXEAXXXXXXK)CXXXXXYXXXXXX

+:,iOL-O a a * . xxxxxxxxxXXXXXXXXXXXXXXXXXxxXXxXXK

FU7
~~ + 1.40dt3EiA7 S 2 3 196RIE'LeF7 3

J a +2 , dtoiL.167 b 4 S 2.brWotm? S b 6
"'KLIE ENAcsLt : "~IUTH VS SykUt

CIP~ tLNAOLt LLLAYS #IOeit-
C.NIP~ LNAdLt P)I'4H +*5ioJL-O4
Ai)UILbb ULLAYx +j*,qki~twjh7

UATA IN L)LLAYS +1tWit0
IJATA IN 4101048 +8.000L-015f

UAl'A 001J UtLAYM
LJATA UUJ1 WIiJYns +2o0E

Figure A-18. Sentry Shmoo, Plot of Device 2148 -WE Width vs Read at -551C
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hmmIJ LJi~UT AT blAitrit.NT NWJbLk j1003 -tz C SHP1.01 b~v1iblu

Pws.. YMAX a *1.bOiOLwO,7 f mIN a *b*wpof-bb b YiLLtAs +500E0 5
V01~ AMAX a b XM1N 8 *14OV-el 3 XiELTAs +40W~P b

*1,00dt*07 b xx*x~xxvAxAxxx*xxxxxxXXXXX

*140t* b * XXXXKXXXXXKXXXKX1XXXxKxKx

S * xxExxxxxxExxKxxxxxwKXXXX

S * * XXXXYXKXXXXXXXXXXXXXKXX

5 xx~xxkxxxxx KKxxxxxXXXE
5 * * * * * xWxxxxxxxxExxKxxxEKExxxxxx

*SA0-A b * * * ExxxxxxxxKxxxxxxxxxExxMKxx

+8000Loa S * * * xxxKxxx~xxKxKxxxxxxxxxxx

+*71w e-od b * * * , KXXVXXXXXXXXXXXXXXXXxx~xx
+b45aa*0 *.** 1 *.*,v**xexaxa* xa,*a xAaxe*****a*'

# a 4 S 4. a 7 S 2 a #1.IUSE.37 3

4. ~*itt LNAsl.t : "uTm VS btWUbt

CHIP5 LN03LE OtLAYs #1,2160t-07
LP41P t4AtJLE AIljIM8 *b,bVEf1#O
AU'4IESS L)LLAVS +1,2169LoWl

*AUIMLSS VSIUTI1U +9064-0
Om(11t tNAOLL UtLAYU *1.J35jLwO7

AN~JIL tNAtSLL viluiM' *7,0%60dE'u~t3
UAIA IN UtLAYU *1..Fotw7
tiArA IN wlUlmia *,o~kAE-
UArA U0il utLAYS *2s.iOt7O(,7

UATA OULT '.ILNU +2 , OVL1,

Figure A-19. Sentry Shmnoo Plot of Devicc 2148 -WE Width vs Read at +1250 C
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bHMAJU PLOY Al STATtMOO NUO~ 1611 5C SP5 ~ ItvJ1g

I"U4 yMAX a +,~1,,L-d YPh1N 8 +1iPF-0 Y)E1.TAm *bOwwfm~ 5

PU/~i XMAX a +J,,j&OYO S XM1N 8 #1,000L-0~7 5 XUELTAs *4.w@OE*09 5

FUj
+2Aoto S 9 4 0 0 0 0 0Ixxxxxxxxxxxxxxxxxx

oxxxxxxx xx xxxxxxxx xxKxxxxKxxxKxxxxxxx
* *XXXXXXXXXXXXXXXKXXXXXXXXKExXXXXXXKx

.1,4L" b S xxxxxxxxxxxKXXXXXXXXXXXExxxxxxxxxExx
*1.4sit~EbA/ ~ * xxxxxxxxxxxxxxxxxxxxxxKEXXXXEXXEXXx
*l 1 3~.~'O7S * xxxxxxXxxxxxxxxxxxxxxxxxxxxxxx~xxx
*1.k~5/ * .xxxxxxExxxExxxxxxxExxxxxxxxxxxxxxxx

+103tAL-1u7 b * * * * * * *xxxxxxxxxxxx
+16itm/ S * q q * * * *xxx xxx xx xx xx

PO?
0~ a *1V+I~wOr1 S I + a 01.44AEs7 5 2 a *j80EwV1 5
3 a +2,2rJmEub7 5 4 +26 SE 5 5 *3.g0biE99 S

L)ATA 1.- 1 u.LLAY V~S bIIRUbt

LHIOJ LNAiILt OLLAYN *1 sldtid/j

ALUOLSS %.1)Thiu +90~4E-Wtd

wRIIE ENAoLL ULLAYs +1,35OL-ok?

UATA IN V11)1,43 *b110E1
IJATA UUT UELAYx *291MA~E-P07

UATA UiT mIUTHs *200VI~wwS

Figure A-20. Sentry Shmoo Plot of Device 2148 -Delay vs Read at -55'C
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4HMUU PLO)T AT SIAILMCNT NUMBLW 1bil -t,5 bt1PLIT WEV151UN

PU4 VMAX a .*,400L*0 S 'MIN a *10000E-b 4 7 5 YiJtLTAm *bsfiWF~lw9 3
P07 XMAX 0 *4,Id04iEw&9 5 XNIN a SIPW~~ 5 VELTAn *4,ee@ww~ 5

P1)4

*1.y40ltw.i .6 9 9 0 t 0 9 9 9 9 0 0

+tbo-l6 * S .1 xx~xxxxxxxxxxxxxxwxxxxxx

+*9lot 0 5 xKxxxLxxxxxxxxxxxxKxxxxxxx

+1.66b3LtI17 b XXXXXXXXYXXXXXXXXJXXXxxKxx

6 * * * xxxxxxxxxxxxxxxxxxxxxxx

*1.40lid 6 9 * xxx~xxxxxxExxxxxxxxxxxxExx

*1,231OLW? b *xxxxxxxxxx*KxxxxxXxxxEx
+1.321kiL.hd/ 5 * * xxkxxxxxxxxxxxKxxExKxxx
*1150E~-ihV b , xxxxKxxxxxxKxxxxxxxxxxxxx
+ S * * * * * xxxxxxhxxxXx~xxxxxKKxMxxEx

PO7
0 *1+h~v' 1,4i~i7 S 2 a 16~EU

5 .3 + 2,20fA-0 S 4 a +29600twoO7 b 3 4sdEg
GAlA IN I OtLAY Vb STRlUhL

LH41b LNAa3LE utLAYs +1.2A-607
CMIlP tN*AOLE O1II4. 4d,0ki~wpe

* AIOf)Nr.6 ULLAY6 +10WOO.-VI

4 i'1E# Il NAOLL. ULLAYB #1,30I0L-id

LJAIA Iq ULLAYS +i.Ok~wtdtiO7
UA1A IN 010TM. #846t~e
UAIA Ul'u UALAYS *j00"E-W1
UATA 011T 10JTHs *2.J'C0L-Ot

Figure A-21. Sentry Shmnoo Plot of Device 2148 -Delay vs Read at +125 0 C
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bHM'UU PLUI AT 5rATLmt*Ir Nu"Ek I 1b14 -5 SH~P,.01 NEVI8IJ)N

P07 AMAX a +Jjjjd-4 S XMIN 0 *1 4 00OkiIW7 S XOELTAm +4vdSEwQ9I 5

*2*00W1m.k 3 8 0 *xxxxxxxxxK~KxxxxxxxxxxExKxxx

*17o*0 b *xxxxxxxXXX xxExxX)xxxxxxxxxxxxxxxx
#1s40-W * ,XxxxxxxxxxXXXXXXXXXXXXXXXEXXIA~XXXX

+10350L-01 6XXXXXXXXXXXXXXXXXXXXXXAXXXXKXXXXXXX

5 * xxAxxxxxKxxxxxxxxxxXXXAXXXXXNXXXXXX

SS xxxxxxxxxxxxxxxxxxx

s *EXxxxkxxxxxxxwxxxxxxXXXXXXKXXEXXXXX

+471EIOS xxxxxxxxxxxxxxxxxxxxxxxx

FU7
+10,*1tit-e/ S I a +1.401AE-0 b + 10OVdE-07 5

+1"20,4L-07~ 5 4 +2*,tbOL-V/ 5 to u *J,0IbE-k0/ S
UArA 1>J oviolUH VS bTKOt

L$LP k'dAnLt ULLAY§ *. 2 V, At a II

AuOkbb L)LLAYR +.aO4 k-V

wsIT~ tNrbL WiUlME */,V~eL.Vft

uATA 1A 1.tLAYm +16 I

VATA idiLJ L)LAYS ? * elklt:-.J
(IATA U!JT sIu,10.

Figure A-22. Sentry Shmoo Plot of Device 2148 -Width vs Read at -55'C
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btHNJt PLCJi AT SfArLHILFNI MOtLi 1b14 f/Z5 OC. SHP.u1 .xEVIbION

Pe44 yMAx 3 iAOL0 YMIN a b2~bt~~ YIALrAs 49,16OkL-mlio 8
POI1 XMAX 3 +*50000L-07 S XMjN a +*00ALd4EkA7 5 XULL.TAX *4*WVE94O9 5

Pm14
S xwEx~xxxxyxxxxxxXXX XX

*1,Vot.-/ S * . xxAxKxxxxkxKxxxx~xxxx*xxxx
* * * xxxxKxxKxxxxxxxxxxxxxxxx
* * a * * xxxxxExxKxxxx.xxx Exxxxxxxx
a a * * * x xxx yxx xx

xx x xi * * * *x x xxx

5 9 9 9 9 9 x xxx xxx xx

S XXXX~XXXXXXX~XXXXXXXXx

5 x*xxxxxx*xxxxxxxx

b 4 ,XXXXXXXXKIXXXXXXXxxxxx
b 0 XXXXXXKXXAEXXXXXXXXXXX

P07
~* a I~i~i-~7 SI a *.44i6Fw0? 5 2 a 1S .7S

3 +2,ieO1E2,td7 5 4 a #2oVE4 5 b a +.3,16WE-RU? 3
uATA 11N 1 miUIm VS SINUdt

LIIJPa tNASL.L UtLAYN +1 s2WE*91

ADU~bS WIUTiia *9,WWE-od
wAptI1t ENAtsL.t. ULLAY +I.kLt,(7

OPW~rt eNAOLt. WIlT~a */,w101..w 4 d
UAIA IN ULLAYM +*f3Vt-V,7

UATA UUT UJELAY9 +2lft

LIATA UUT *IL)TPA +2iiotr
Ptm~liua #1,00o-06c

Figure A-23. Sentry Shmoo Plot of Device 2148 -Width vs Read at +125*C
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Smlt'tJC PLOT AT STA[1L?4N1 NUtt 1b47 ShPLUI kEV1IbUN

UI'51 YMAx a -*bJL00V MN 0 -botiOA-Wic, v YUtLTAs *+,,itdIEP0Q2 V

Ei, XMAX a +3,wO4Ed-00 V XMI a 000k~ V *VtCLTAB #b000 v

"b5W-0V XXXAXXXXXXX&XxK *

-5biEO V XxExxxxxxxxxEkLxAXiX 9 9 9

-50O~~ V ixxixxxxxxx~xExxxxx
-ZI.b5t"IB V xxxxx~xxxxxxxx~x ,

-56o-6 V ExxxIxxx xxxxExx~xx
-b9"t0 V xxxxxxxxxAXKVxx * ,

~ y V XXXXXXXXXXXXXXXXA.

-09*A10ka-o V KxxxxxxAxxxxxKxxVxx 9 9 0 9

b,('10Qvmlit0 V XAXXAXXXXNXXXXXXXAX , ,

-(3, 1 it*ido V Axxxxxxxx*xxxxxxZx *

*b,20.it-do V xxxx~xxxxxxxxxx~xxxx,
-015~vd V XxxxxxxKxxxxxxxxEZx,
-b.3wwtIlLfid V xxxxxx.xxxxxExxxx)(.x

-. 45VILido V £ExxxxxxXxxxxx. *00 0 00'00 *

3* V4 8 2*40eE*PW V 5 9 +3001AA~mi~ V
VLC Vb AVu~tSb LOwI

AULP4LSb 0tLAV8 + t0 1
AUWxESS aIOJM. *Q41600ELid

* ~NHITL tNAdLL (A~LAYS +1,3516t-07i

vATA IN I)tLAYS + *thKL0
UATA IN %'IUTM@ *b.016VEA-h#
(JATA UUf ULtAYm +21Wml
UATA tUU7 *JUT.~ 4m &E

Figure A-24. Sentry Shmoo Plot of Device 2148 -Vcc vs Address Low at -55 0 C
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ShMUU IFLO1 AT 37ATEMENT NUMbEIR 1647 "1/25'C- SHPLOT RLV~buIUe

UP51 Yv4AX a .*oot V 'VMIN a ..b,bOO~EW V YDLLIAs +510OVE.12
tO XMAX a +4,OOVE-00 V XMIN a hhShEki V XUELTAm *68.e@E0E~2 V

-5516ol V -XXXAXXXXXXx xx *
-30bt"WOi2 V xx~xxxxxxxxxxxxxKx *
-*6OE0 V KxxxAxxxxxxxxxxxx *x
-5,60oEmo v xxxxxxxxxxxxxxxx ,

-tob.1Lad~ V XXXXX)XXXXXXXAXXXX *
-3,7koe0 V ExxxxxExExxX .x
-564f-4 v XXXXEXXXXXXXXXXXXXA *
-:b.65k1i.Idd V xxxxxxxxxExxxxxxxx .
-5,901AImiak, V xxExxxNxxxxxxKxE *a S a

V xxxxxxKxxxxxxxxxxx ae a
-6,idd@EwI6 V 30 AxxxxxxxxxxNxxxxxx~

q6~jr uI~WV xxxxExxxxxKxxxxEx *
-bIOEp' V xxExxxxxKxxxxxxxxx *
a6*1bfr41.00 V xxxxExxxxxxxxxxxxx 0

6.200-00 V xAxxxxxxxxxxx~xxxxx
.250LE-Oiw v xx~xxxxxxxxkXXXXx

tt

~ *4~ ~ a*bookioEekil V 2 * *,2FOEmIS v
a +*000-00 V 4 a #24uEW v +3,@OIBENu V

VCC Vb A~UiWLbb L.U"

CHIPE IVABLL )LLAYR *1 .,?O.I67
LHIR ItAOL wI1VTHs +8S*~iE.,A

IiUAi A IN L)LLAYS *i.o~i~h-7
L)AYA 1~d 1ur4 **,v1llz

L)ATA UUT )ELAYS *W.100ri7

Figure A-25. Sentry Shrnoo Plot of Device 2148 -Vcc vs Address Low at +1250 C
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ShMuU FL01 AT btATtMtN1 NUMBk 1b52 _55-c SH'PLUI NV151ON

UP41 YMAX a bOk0 V VM1N 9 -b.tiOWwOW V VUELTAO *5*@O@wW2 V
t.1 Xr4AX U *4*,jk~Lmfrk) V XMIN a *1,WOEwOOV V XuELTAB #6OV~O V

UPSi

V * XXXXXIXXXXXXXKXXEEXXXXXXAXXXXXXXXXXXXXXX
v * xxxxxxxxxxxxExxxxxxxxxExxxMxxExxxxxxx

~ V *xxxxxxZxxxxxxxxxxxxXXXXXXXYXXXXXXXXXX

mb,dviCL-IO V * xx XX xxxXxxxxAxxxkxxxxXXXXXxxx

*0,95vit-Ov V * *XXXXX xxxxxxxXXxxxKxxXXXXXXXXXXXXXX
.O* 4 v.0V.:fr~g V xxx : X xx xxxxxxxxXXXXXXXXXXXXXXXXXXXX X

ft,5~ioV xxxxExx~xxxxxxxxxxxxxxxxxxxExxxxxxxxxxx

-b,-~i~V *xxx * Xx X~XxxXxxxxxxxxxxxxxxxxxxxxxxxxxxx
-62w-wV a I xxxxxxx~xxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXX

V * , -0 VXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXNXXXXXXX

00,3t0 V * xxxxxxxAxxxxxxxxxx~xxxxx~xxxxxZxxxxxxxx

~ v * *xxxxxxxXXXXXXXXXXXXxxxxxxcxxxxxxxxxxxxx

j5 * 2.b.jELiki V 4 z +3,40VE-OV, V 0 a *4.gI6WEw~id V
VLL VS AOULbiL6 hl(,N

*f)jtWLSS *luiha #.OiO*~kV~
u"KIIE ENAdLt ULLAYu 1'Qis

LIATA INV OLLAY9 +1900v*tio/

UAIA I'l OVIlg GVVeI
4

L)A1A Jul soluTt4U*.#Itw

Figure A-26. Sentry Shmoo Plot of Device 2148 -c vs Address High at -55'C
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b-Im J L ?J A Ij iA T t t NT t- 01 ? O o2 +1,250C S HP L 01 'qE vI SI ON ~

00,,j1 y"MAX : 1ii , v I MIN 3 00EOv, Y~eLTAU *+5,bw0E-V2 v
t1 AMiAA a +4.,,4L-~VV v XM V ULLIAS +bA~t@ V

LU
1
j S I

V * xx x x x x x x x x x xx x x x x x x x x x

'36 0 V V * x x x x x xx x x x x x x xx x x x x x x

-XXX*XX6XXX-IYXXlt" V * XXXXX XX

v , xx y x x xx x x x xx x x x xx x x x

v * xx x x x xx x x x xx x x x xx x x x

XX XX V * XXX~ x xx x xx x x xx x x

V xx x x xx x x xx x X X X X X X XX X X X
-:xx wx xx.- v * x x xx xxx xx xx x

-(. :t~- . V * * xx x x x xk x x x xx x x x xx x x x

v * XXXXXXXXXXXX~XXEXXXXXNXXXAXIXXXAXXXXEXEXXXXX

Vo.0o k v XXXXXXXXXXXXXXXXXXXXXXX.XXXXXXXXXXX

-c~,~L"~t1 V * *XXXXKXAXK'KXKXX~XKXXXXXXXXXXXXXXXAXXKEKKXXX~X

Sa *tv,4AL. i v +,bM4Ew(?e V 2 #2020(e.8Id v
3> a +U *joh itho~ V 4 3 *J.400EirAlcik +' ~ 4,i6AiEvP0 V

VLC vZ) AV)U~Sb r41L6H

LHIP t1,Aca~ OLLAYB *IkOOL-04/

p ~AJJiALt: -IJTHx *~i

VtN1rL LNALr AIlTMZ
iJATA IN IJLLA"'S . L/
LJATA IN *IDTHO ,c,,.ivV 9E-k'd
v.AIA OUT -A.LAYx 2I~

9UATA Ul! ^Iulriz + ~iv-l

A-2ir ~7. Scoiury Shmioo Plot of' Device 2148 -- c vs Address Higb at +1 25 ~C
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Srmt1OU PLOT Al blrN1NUMk5~Ik btiPt~1L01 .'EVIbION

UPb1 YMAX a vto,300L V YMIN a -b050J4L-VOl V YuE.LTAM *5.6W(AeCe V

EAI xtiAx a +..eL0 V XM1VV 9 -00O-1 V XULLTAu +6901001E.@2 V

UPS I

-030-0v XXXXX~XXX~XXX X a

-5,5z~iL-.i v xx x x x x x x x x x

V XXXXY(XXXXXXXXXKXX
-5,vist't..0 v xxxx xxaxxxx

- Vvt0 v AXKXXXXXXXXXXXXXXXXXX
-36VI-k v AEXXXkXAXXXXXXkXXXXAX

-tso o m w v xa a a a Ixxx xx

-040L0 V 30xxxxxXxxExxxx ax
-O*,43Ol~L-006t V XXXXXXXAXXXXXXXXXXXXX
-be*d1t-061 V xxxExx4xxxxXxxxxxxxxX

-b.2*~wjkm V AXXXXXXXXXXXXXXXXX a a '
aO,3gWJinIL-o v XXXXX~XXXXX*XXXXXXX

-b 0450'L.k V XXAXXXXXXXNXXXXXXXXXX 0
-b*b0Ww0A~. v xxxxxxxexxx

~3 a +16V t004 a *2,4ikNvki V * 3,00flkE-Ovi v
VLC V 0 UAJIA IN LJU%

LHIIP tNAO*L LJLLAYS *1 2n0~F.-@07

*AXI)IE L)ALLYULLY *1. 3*wk mk

UAIA IN OELAY2 +*1 . 0i~wio7
UATA 1'4 *iOTlim *b,(WdkE-0d

-* UAJA UuT LUtLAYN *2.1IOWE-k67
UATA OUT *wII)1P1 +2,soWbE&v

Figurc A-28. Sentry Shmoo Plot of Devicc 2148 -Vcc vs Data In Low at -550C
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UPbl YMAx a m*Iow.0 V YIN 4 * bOE0 V YUELTAa #5,98WP92 V
LW XMAX a +30W~0 V XMJ.N a -090WOEmO V XE)ETAm #6,UBSEe62 V

U Pb I
-5,5Emowig V xxXxxxxxxxxxxCkxx I 9

"bobbO-00~ V xxxxxxxxx

-bbOL0 V xxxgxExxxxxxxxxx *
-b./O.Wii0 V xxxAxxxx~xxxxKxxx *

v xxxxxxxxxxxxx *

-b.AJO-10V vp XKKXXXXXXXEXXXXX

-04OL1v V xxxxx1xXXxx 0 0

-010td V xxx~xxxXxxxx , a
-b.idv1Emw0 V b xxxxx~xxxxxxExxx
-b , 2biOEWe v XAxxxExxxxxKxExx *
-b6.1bE~16 V XZXXXXXXXXXXXX .

-6.3E0 V XXXXX*XXXXXXXXX)X *

-b,4ALw0V6 V KxKxExxxxxxxxxxx a a

-b,3'flLaod v xxxxxxxx~ExxxKx~

ti a 0kvL~~ V I *b*,1o1UEw01 V 0 192adEvoo V
35 + a k,0 io 0 V 4 2 *2416 0 E d V 5 + 300016E~ew V

VLL VS 0JA I A 1N LOW

L'H1P tAJAbLt~ WIOI?la *.&$~t
ib AUU4LSS ULLAYS #1.200t-(6

AUUrIESS NlUInu *9,L'0t-ki
NRI11E k.NAtLL ULLAYs *1.3bO-6'?
-4ITE tNA~4LL Al1ujwiu 41.00L-Ob
L)AtA IN ULLAYS U b4LW

U A IA UoT I U1 tAVa +2,kiot-

Figure A-29. Senitry Slimoo Plot of I3cvice 2148 -Vcc vs Data In Low at +125 0 C
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6#HMVU P*LUI Al STAItMENI FN'jMdLW I obt -5 Uc* SnPL.Ot piLvIbIUI'

UP51 YMAx a -hbot.-d0 V YMIN a -bb~m0V YOLTAs qb00L V
LI XMAX a +b~ouivoLeW V XMIN a -Wk00wk V XUELTA* +100E0 V

UP i) I

-D:0Ek V XXXX XXXXXXXXXXXXXXXXXXXXXXXXAX

-Dboto v 0 * XX~'XXXXXAXXXXXXXXXXXXX XXXXXXX

-boodlok-fhe V * * xxxxxxxxxxxxxxxxx

~b*VJL'~v V * * xxxxxxExxxxxxKxxxxgxxXXXXEXXXAXXEXXXXX

*b,~h3-~oV * * * XkXXXXXXXX~XXXXXXXXXEAXXXXkxXXXXX

-o,3d~Lw'i v * * xxxxxxxxxxxxxxxxxxxxxX~XXXXXXX~XXXXX
-,00,V0v XXXXXXA)XXXXxXXXXXXXXxxKxxxxXxxaxxxx

-b,I4OL-00 v 0 0 AxxxxxxxxxxxxMxxxxxxExKxExxxKxxxxxxx

..blidIdO~E-00 V 0 xvxxxxxxxxxxxxxxxx

~ 1* 1,0140IFwV V it a 02.k'0VEsgw V
m u,,~~hjj V 4 a *4,0t04E016 v 5 n +5iQj~~ v

VCL VS UATA IN hiIlPH

LHIP k NADLL Uk LAY a * I 20ikwP7
CmPIR t.NAdLt W vI UIho *Ih,500t-08

ilk. Ai)AJLb ULLAYs ijkjkII-?
AUIWLSS "illiE 0160dE-od
~W11E ENAdLt uLLAYx +1,35dLPk1

UA(A If4 ULLAYN +1bWw'
UAIA IN k'glQIMU *8,*0DOEWk
UATA UUI UEL.AYU +2,16E-6~'7
LJAlA OUT IIUTm8 *2.bid~E-'e
PERLOLUG 41,i~it ob

p Figure A-30. Sentry Shmoo Plot of Device 2148 -Vcc vs Data In High at -55 0 C
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SHMpUU PLUT Al STATtmLN7 NUPBER lb~ a1s C 3MPt.OT REVISION

UP61 Y4qAX a -56kO V YPM1N a 0605gIAE.VO V VUt.LTAS 05904WLv@2 V
El1 9MAX 9 +*W0tW V XMILA a *&'00eem V XUELTA* *1.SUliEmBI V

upil
- :OL0 V *xx)xx47XXXXXXXXXXXEXXXXX

V , XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

-500LW V * * xxxxxxxxxXXXXXXXXXKXXXKKXXXXXXXXXXXX
-50o-oV * * *XXXKXXXXXXXXXXXXXXXXXXXExxxxxxxxxxxxKx

ftdLW V * *xxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxKxx
q -5,*bI"00 V * xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxEXXXXX

-5.U8&1twooV V * xxxxxxx*xxxxxxxxxxxxxxxxKxxxxxxKxxxxxx
-b'*iiii0twik V * xxxxxxxxxxxxxxxxxxxxxxxxxxxxxExxxxxxx
-54VIOU~aiko V * *XXXXXXXXXXXXXXXXXXNxxxxxxRxxxxxxxxxxxx

-:.9Itidk~ V * XXXXXXXKXXXXXXXXXXXXXXXXXXXXXXKxxxxxxx

-too2Vt4EtwkO V *,xKx8xxxxxxxxxKxxxExxxxxxxMxxxxxxExxxxxx

..b, 116E.trkv V * *xxExxXXXXXXXXXXXXXXXXXXXXXExxxxxXXXXXx

-wb*30VL-05V V a xxxxxxxxxmxxxxxxxxxxxKxxxxXXXXXKxxxxxxx

E

0 a 01102. a a V 2 . 290OVEaDD V
.3 9 V4 3 WAL-di V 5 058ifieb~fsi V

VCL C) UAIA IN HIItl

LHPi~ NAdLt UtLAYx *2.Jb0L-0
Lr'7P trVAtLt. wUTHE 01000L-W8~

%#AT 1' LtLLY *io-'t+7,6O-0
UATA INJ iUtLAY 4,odt-4E"

-* ATA DUI uti.A,. *;e,1L-07
JAFA Ut)1 lL~'ms #2,01AE-0b

Figure A-31. Sentry Shrnoo Plot of Device 2148 -c vs Data In High at +125'C
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b"MUO PLU) AT S1AT.'itNT NUMdkk Iia 3"t'P1.01 9EV1S1UN

OPSI 'rMAX a -b*4wE..W V YM1N a ObbMEO V UELTAN *bi*dOs@2 V
td1 XiiAX a *,.1j4LjA V X141N a -h0,W0EwAM V XA~LTAB *1,&t&0Ew~t V

UpbI

.*030L-Ooi~ V XXXX~XX)EXX
-b btw V gXX~XXXXX 1 , aI

-!VtoLO XXXXXX~XkXXXX a a
-5'1VjV1-160 V 5AXAXXXXXX*XX*

-5 1 O - t V xx * w a a ax

.0'~o-1 V XXXXXXAkXXXXXX* *

-:.9d-~ V xx~xxxxxxxxxxx * *
-t6,1!L-EVO V ~xxxxxkXXXx * *
-ba 600tlw164 V x~xKxxxxxxxKx * *
-O.IEfiaew V ~xxxxx~xxxxxxx 4

-09boti).&4 V x~xxxxxxxxx~xx 4

"b.4idkthu&4iq V XAXXXXXXXXXXXX* **

ob,C3 .w~o. v XXXXXXXXXXX * * *

tt

~,. v# 10000ES16 V 2 # 2,S0BtmUs~ V
3 a xijj~ej V 4 3 +4.th@(Eu~k V # 5.S9bIA10 V

LMIP L-4AOLt~ UtLAY8 +*2i~v1L*(A

AOUR~LbS UtLAY6 *, j20ft -07
FAOWUtLS5 WIUTHU #9 iflOOL vopi

PIXITE ENAdLt ULLAY6 41l.51ft07
%uRITE Er4AULL NluTHG #*?,ht-wid
LIATA IN UELAYS +100L"61
UAtA IN 1'eIOTN3 48.6ifewSI
UAIA tuuT UtL.Af' +2e1dI5EO7
DATA UU1 wIOTmml *2.0(0E-tl6

* Figurc A-32. Sentry Shmoo Plot of Device 2148 -Vcc vs WE High at -55 0 C
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bSuiItJ. FLUT Al SIAILFIENI NOM8OI 1711~5 3"P1.07 WEV111UN

UP51 YMAx a -b~bdvtwr V YMIjN 8 "b1#WkitwI1 V VfULL.TAO #59066F.&92 V
E61 XMAX a +bodmov XmIN a -16116S16Cwe V EI~eLTA* *1006EwIle V

Upsi
"0"voV xxExxx~xxx~x *

-b,b16l0tpoo V Axxxxxx~xx *
5bbfWOV xxxxKxKxMx~x

-5.75OL-aviw V ~xx~xxxxxxxx

-b"at0 V xxAxAxxxxK ,x

- 6kev V xx~xxxxxxxK .
-too *PViEev V xxx~xxxxxxxx *
-3*16 L-40k, V AxXXXXXX xxx *
-~6JOWE-04 V ~xxxxxxxxxxx
w6.10*4 wkw&i V xxxxxxxx~xxx
-61dp-m V xxxxxxxxxxxx *
-6b15VtLwviO V xxx~xxxxxxx

0o64L-viwok V EAxxxxxxxxx
-63O~OAV XAXXXXXXXXX

b, !itiLsv0vi V XXXXXXX VX

vi aU00ke0 V 1 5 +I00EP1 V 2 a +2,0di16Ew@ V
3 a +*3,wwv,6Lw@V~ V 4 8 *4,16016EFb40 v 3 a *5.f61vok.*6 V

VCC VS /'WL til(,i'

Lh'LP LNAt6LE utLAYR +1.20OvL-vi?
t~hlP LNAtdLE '%IL)Jm& +b.svlk2L..k

Ab AU)K~j ULLAYC l1,2otViL7
AUiLS "i~)1Ps +v.io-o

P WR~ITE, tNA3Lt LLAYs 41.5Itw161
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Figure A-33. Sentry Shmroo Plot of Device 2148 -c vs WE High at +1251C
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Figure A-34. Sentry Shmoo Plot of Device 2148 -Vcc vs Output High at -55 0 C
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Figure A-35. Sentry Shmoo Plot of Device 2148 -c vs Output High at +1251C
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fFigure A-36. Sentry Test Results of Device 2148 -DC Parameter Test at -55 0 C
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Figure A-37. Sentry Test Results of Device 2148 -D1C Parainetcr Tests at +1250 C
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